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APPENDIX 1

Statistics and Confidence intervals
prepared for the TWG by
A.J. Clemmens

Every measurement of a continuous variable, such as water quantity, contains
uncertainty regardless of the variable and the method of measurement. All of the
methods for estimating beneficial uses require measurement of various quantities
and in most cases calculations to determine beneficial use and efficiency. The
standard procedure is to determine how accurately we currently know what the
beneficial uses are, and what additional measurements are needed to improve
estimates for these quantities. First, we must be able to estimate the accuracy of
any numerical value resulting from a measurement; then we must be able to
determine the influence of the combination of errors on the final estimate.

Several statistical equations are needed for this determination, based on a
combination of variances.

Statistics. Statistics are numerical values which describe a particular variable of
interest. The include expected value, standard deviation, variance, coefficient of
variation, confidence intervals, and covariances hetween variables. Usually, these
statistics for a population are not know exactly, but estimated from samples or
measurements taken regarding the population. For example, the expected value
for the mean of a population, E, can be estimated from individual measurements
from the population.

The standard deviation, S, is a standard statistical measure of variability. The
standard deviation describes the spread of the distribution of values for a particular
parameter. The variance is the standard deviation squared. The following
equation is used to compute the variance, and thus standard deviation, when n
samples are taken from a population,

2. 2 bi-M)? (1)
‘ n-1

where y is the variable of interest, S ?is the variance of y, M, is the mean vaiue of
y. and the subscript i refers to individual sample values.

in addition, we aiso use the confidence interval, Cl, to represent the range of
possible values of a particular variable. For exampie, if we don’t have an exact
measurement of a particular variable, we can estimate the range of possible values
from available data. This range is used as the confidence interval, from which a
standard deviation can be calculated. {(Note for statisticians: we define the
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confidence interval as + 2 S regardless of distribution type. For distributions other
than normal this confidence interval may not exactly represent 95% confidence).

The coefficient of variation, C,, is the standard deviation, S,, divided by the mean,
M, or

M
Cy=—2 (2)
S)’

Combination of Variance Equations - Addition. When adding several gquantities of
interest, for example x = y + z, the relevant equations for expected value,
variance and coefficient of variation are

E =E,+E, (3)
S2=82+s? @)
M2, M®
CP= 202 20% (5)
X o ¥y 2 z
M, M,

Combination of Variance Equations - Multiplication. For multiplication and division,
we can also combine the influences of measurement errors. If x = y z, andif y
and@%are random variables, then x is a random variable with the expected value
determined from

E =MM,+S, (6}

where S,,% is the covariance of y and z. The covariance between two variable is a
measure of how well they are correlated.

55- & (y"mfi’l(z" ) (7)

if y and z are independent (uncorrelated), then the covariance is zero.

The variance of the product, x = y z can be found from
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SZ=M2S? + M7 ST+ 5252 +RMM 52 ©

where higher order terms have been ignored. If y and z are independent, then the
coefficient of variation for x is

2 2 2 2.2
ci=cl+cieCiCh (9)

Combination of Variance Equations - Division.The expected value and variance of a
quotient of two random variables, such as x = y/z, can not be computed exactly,
aven if the correlation between y and z is known. Approximate equations are

2 2
MY(n S Sn ) (10)
M, 2 MyMz
2 2 2
S, 25
§2 ( ot St (11)

MMMMyMz

If v and z are independent, then the coefficient of variation for x can be found from

Ci=ci+C? (12)

Assigning Confidence Intervals. The TWG made estimates of the standard
deviation or confidence interval for each all values used in water use calculations.
These include water sources and destinations, acreage, ET,, K¢, LR, and any other
variables. In most cases, the TWG was conservative in their estimates for the
confidence interval. In many cases, a more careful review of the sources of error
will improve our confidence in the estimated values. in addition, the eguations
used to estimate statistics were also chosen to be conservative.

The uncertainty of estimates in this report are given as confidence intervals, + 25,
expressed as a percent of value. Thus they are in the form of £ 2C. To calculate
the confidence interval for a sum product or quotient, the confidence interval must
first be expressed in terms of a coefficient of variation. Then one of equations b,
9 or 12 is used to determine the combined coefficient of variation from which a
combined confidence interval resuits.
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It is recognized that several variables of interest have physical limitation, such as
efficiencies can’t be above 100% and many water uses can’t be less than zero.
The eguations used ignore these restriction. The TWG was careful to point out
where these limitation influence the results.

tUUncertainty of Water Uses. Calculation of closure terms in any of the water
balances included in this assessment are straight forward, as are calculation of the
associated confidence intervals. The water balance calculations are primarily
addition and subtraction. Equation 5 was used to determine coefficients of
variation and confidence intervals. It can be seen from equation 5 that the C’s are
weighted according to the mean value squared. Thus variables which are of small
magnitude have little influence on the combined confidence interval.

Weather-based estimates of ET_ require multiplication ET,, crop coefficients and
acreage. Since ET, is inciuded in the estimate for each crop, it is not considered as
a random error when combining the ET of all crops. Ignoring the higher order term
in equation 9, C for ET, is computed from

C.‘E'?‘TC SCEzTo + C§C+C02L‘Fe (13)

where C, is the combined C for all crops. A similar situation occurs for calculating
beneficial deep percolation for salt removal. We can show that approximately

2 2 2 2
Chenvr = Cere * Crr * Ceciv (14)
in both these cases, the terms on the right-hand-side are independent.

in developing combined estimates for beneficial uses, in some cases all three terms
(ET,.. leaching, other uses) are based on ET,,. Since the terms are not
independent, equation 5 cannot be applied directly. The resulting equation for
beneficia uses becomes

LR

B.U.=ET,, (1 +< == +2%) (15)

The term in parentheses can be treated with equation 5. Then Cy, can be
computed with eguation 9 from Cg,, and C, (for the term in parentheses).

Uncertainty of Performance Neasures. The statistics of ratios is always
problematic. As seen from eguation 10, even if the terms are completely
independent, the expected value does not equal the calculated mean value (M /M,).
In this report, we did not include expected {mean or average) values because of
this complexity. Equation 10 also demonstrates the need to accurately know the
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amount of water supplied (as reflected in S,%) to even determine the expected
value for the ratio (efficiency).

In addition, water uses and wvater supplies are likely not independent. As seem
from equation 11, if the covariance is positive, the confidence interval will actually
be reduced. That is, if supply and use are positively correlated, ignoring this
correlation will provide a conservative (wider} estimate of C and Cl.

If the water balance procedures are used to determine ET,,. Then the numerator
and denominator in the irrigation efficiency calculations are not only not
independent, but both are derived from the same numbers. For example

_ET,, +votherBU W, ~nonCU~CU,, g, +otherBU
4 W,

net net

IE (16)

where W,,, is the net water supply. {(Eguation 16 is not meant to represent the
exact equation used, just the idea). Now, W_, must be factored out before the
confidence interval on IE can be determined. A similar situation results if ET,, is
used to estimate W_,.. However, ignoring this dependents resuits in a wider Cl,
thus being conservative. In most cases examined, the differences in ignoring this
effect were not significant. All Cl's reported ignore this effect.

References

Mood, A.M., F.A. Graybili, and D.C. Boes, /ntroduction to the Theory of Statistics,
McGraw-Hill, New York, 1974,
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APPENDIX 2

Water Balance Calculations
prepared for the TWG by
A.J. Clemmens

INTRODUCTION

A water balance appilied to a hydrologic unit represents a conservation of mass. it
is a basic scientific principle and is the fundamental basis for irrigation efficiency
evaluations, wether on the field, farm, district or project scale. It is used in
hydraulic and hydroiogic models to prevent them from producing unrealistic results.

Several variations of water balance caiculations were used by the TWG in
determining the current sources and destinations of water. The approach was to
use measurements or estimates of as many components as possible to calcuiate
the quantity of interest as the closure term that is difficult to quantify with other
methods. It is recognized that each water balance has limitations. The numerical
value determined for each water source or destination will likely not be the true
value. We can only use what ever means are possibie for arriving at a number.
But an important aspect of this approach is to assign confidence intervals (Cl) as
estimates of the accuracy of the numbers. By using combination of variance
techniques as discussed in Appendix 1, we can determine the accuracy or
confidence in the closure term. Details for the two districts follow.

CVWD DETAILS

During Phase 1 of this assessment, three different water balances wvere used
within CVWD: '

edistrict water balance with ET,, as the closure term,

edistrict water balance with net groundwater pumping as the closure term,

sdistrict-scale field water balance with deep percolation as the closure term.
This latter water balance was made twice, each based on the resuits of the two
district water balances.

Several choices exist for the boundaries of the district water balance for CVWD
because of the complex hydrogeology. Horizontally, all land underlain by the
aquitard from Indio to the Salton Sea are included in the water balance, even
though they are not within |ID#1. Also included are all agricuitural land within the
lower valley that lie outside the aquitard. Vertically, the boundaries extend from
the crop canopy to the bottom of the aquitard, and where the aquitard is not
present, to the bottom of the root zone. The TWG felt that there was less
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uncertainty with these boundaries than other choices. With additional data
collected during Phase Il, other boundaries may be more appropriate.

The district-scale field water balance includes only agricultural fields within the
valley.

Data used in water balance calculations for CVWD

Table A2-1 provides additional data that were used in the various water balance
calculations. These are vaiues that varied from year to year. Most other values or
data were assumed constant.

Reference ET. The TWG made estimates of ET, from weather station data. These
calculations are given in Appendix 7.

Rainfall. Rainfall estimates were made from weather station data, see Appendix 3.

Water Delivered to Coachella Canal. Several different numbers have been used for
the amount of water diverted from the All American Canal to the Coachella Canal.
We used the numbers reported by CVWD in their Water Record of the Coachella
Canal.

Coachella Deliveries_to {ID farms. We used the numbers reported by CVWD in
their Water Record of the Coachella Canal.

Non-Ag Deliveries. We used the numbers reported by CVWD in their Water Record
of the Coachella Canal.

CV starm drain flows & direct pumping. We used the numbers reported by CVWD
in their Drainage Water Discharge to Salton Sea.

Colorado Water Delivered to Farms. We used the numbers reported by CYWD in
their Water Record of the Coachella Canal.

Crop consumptive Use. The TWG calculated crop consumptive use from weather
data. See Appendix 7.

Estimated sprinkler Acreage. There are several acreages reported for crops within
the Coachella Valley. We estimated that all truck and vegetable crops in CYWD
were irrigated with sprinklers. These acreages were taken from CVWD Annual
Reviews and acreages reported to the Bureau of Reclamation. These may not
necessarily correspond with acreage numbers used in other parts of this report.

District Water Balance inputs for CVWD
Table A2-2 and A2-3 give the calculations for the water balance based on net
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groundwater pumping as the closure for 1987, Within these tables, values for
various water inputs and outputs are given along with confidence intervals. Tables
A2-6 and A2-7 give similar information for the water balance with ET as the
closure. The source of the inputs to these water balances is described in the
following.

Water Delivered to Coachella Canal. Several different numbers have been used for
the amount of water diverted from the All American Canal to the Coachella Canal.
We used the numbers reported by CVWD in their Water Record of the Coachella
Canal. The TWG@G estimates that the accuracy of the Parshall Flume to continuously
record volume is + 4%. While some current metering is done to verify calibration,
sediment upstream from the flume causes some shift in calibration. Hydraulically,
Parshall Flumes are not very good devices. The TWG did not examine the details
of these measurements to estimate these confidence levels, but simply chose a
conservative estimate.

Coachella canal losses (from All American canal to screens}. Bookman-Edmonston
‘89 Report {Salton-sea flood damage allocation) report estimates from USBR of
9,000 ac-ft/yr over the newly lined section (mp. 48.4) and say losses over
remaining unlined section (to mp. 88.7 or screens) is "on the order of” 20,000 ac-
ft/yr, for a total losses of 29,000 ac-ft, without identifying a source.

CVWD records litem #40 in CVWD files to TWG]), for years 1981 to 1990, after
lining of first section of Coachella canal provide measured volumes from a Parshall
flume at the head, from a Parshall flume at mp. 48.4, and from current meter
measurements {(with rated section?} at approximately mp.88.7. Taking the average
differences over the 10 years with subtractions for withdrawals {approx. 3,000 ac-
ft for each section}, we get

mp.0 to 48.4 0 4 8,000 ac-ft
mp.48.4 to 88.7 40,000 4+ 9,000 ac-ft
mp.0 to 88.7 40,000 £ 9,000 ac-ft

The estimate of no loss during the first reach is unreasonable since evaporation
alone would be around 4,000 ac-ft. Thus we chose to express only the total loss
over the two sections. The value 40,000 appears to be high since it would
indicate that the district delivers more water than it receives. The average of the
two estimates is approximately 34,000 and we estimated a confidence interval of
+ 5,000, or about + 15%.

Coachella deliveries to 11D farms. A smali voiume of water is delivered to ID farms
near the Coachelia canal. This area is excluded from the CVWD/IID water use
assessment. Values are taken from CVWD records. The accuracy is estimated at
+ 5%.
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Non-Ag, Deliveries. Water volumes for deliveries to non-agricultural users were
taken from CVWD records. This volume is very small and the accuracy is
estimated at = 5%.

Colorado Water Delivered to District. In all cases, this is calculated from other
inputs above. The Cl is calculated with the procedures given in Appendix 1.

Canal & Reservoir Evaporation The Coachella canal from the screens to Lake
Cahuiila is approximately 34.7 mi., with an average width of about 30 ft (rough
guess), giving an area of about 126 ac. Lake Cahuilla has an area of about 155
ac. The reference ET for 1987 was 73.5 inches, giving total evaporation as (126
+155)%73.2/12= 1715 ac-ft, This number isn’t highly accurate since several of
these parameters are rough estimates. We gave this a confidence interval of +
20%.

CV storm drain flows & direct pumping. We used the numbers reported by CVWD
in their Drainage Water Discharge to Salton Sea. The TWG feit that the measuring
sites for these volumes were not well maintained and likely were not very
accurate. We assigned a Cl of + 25%.

Rainfall on irrigated land. Rainfall estimates were made from weather station
data, see Appendix 3. lrrigated acreages were taken from acreage assessments
made by J.M. Lord Inc. CVWD reported acreages were adjusted in proportion to
the J.M. Lord numbers for years where these assessments were not made. The Cl
is estimated at = 20%.

Rainfall Evaporation on irrigated land. The portion of rainfall evaporating and not
contributing to crop ET were estimated by the TWG in Appendix 3. This
proportion was applied to the rainfall calculated above. The Cl is estimated at +
20%.

Rainfall runoff on fallow {and. Only that portion of rainfall that ran off from fallow
land was included in the water balance. (See Phreatophyte ET). This was based
on an estimate of 15,000 acres of phreatophytes and 14% runoff. These
estimates are all rough. A Cl of = 20% was assigned.

Returnflow from non-aaricultural discharges. The Valley Sanitary District, which
includes the cities of indio and Coachelia, discharges approximateiy 4.6 MGD, or
about 5153 ac-ft. Some of this is applied to cropped acreage, but it is unclear
whether this acreage is included in estimates of agricuitural acreage. We estimate
another 200 ac-ft from other sources, for a total of 5353. These is significant
uncertainty in this volume so we gave it a Cl of £ 50%.

Storm inflow (Whitewater River). CDWR Builletin 108, pg 133, estimates
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Whitewater river flood flows at 3600 ac-ft. However on pg. 140, they estimate
thern as O since they are insignificant. Considering that CVWD only measures flow
in the Coachella Valley Storm channel monthly, they would likely not record any
flood flows that did pass through. Thus the range of estimates is O to 3600 ac-ft,
or 1800 ac-ft + 100%.

subsurface flow to drains {external sources). CDWR bulletin 108, pg 133,
estimated, from the 1961 study, that 2400 ac-ft of subsurface was picked up by
drains. At that time there were several natural flowing wells in the area. The
decline in groundwater levels would suggest that this amount of flow would be
considerably reduced, particularly since natural seeps in outlying areas have mostly
dried up. We estimate this flow to range from O te 1000 ac-ft, or 500 ac-ft +
100%.

subsurface outflow 1o Salton Sea. With boundaries of the volume balance being
taken as including the aquiclude and not the underlying aquifer, previous estimates
of flow to the sea are not relevant. The often cited 30,000 ac-ft is misleading. In
CDWR bulletin 108, pg 133, they indicated flows of 33,000 ac-ft from 1935-36
and 27,800 ac-ft from 1956-57. With the decline in groundwater levels, current
values would be substantially reduced. However, this doesn’t apply to this volume
balance since the lower aquifers are not included. This represents a difference
between the volume balances of CVWD and liD.

Because of drainage water pumping at the edge of the sea, the water levels within
the agquitard are below sea level, suggesting a flow from the sea not to the sea.
Analysis at IID showed the same gradient away from the sea, but indicated that no
flow actually existed. Even if flow existed, it would be small. We give this a
rough estimate of 200 ac-ft, = 100%.

Evaporation from_drains, rivers and phreatophytes. Estimates were made of
phreatophyte acreage within ID#1 at about 5,000 ac, most with sparse vegetation.
The ET of these phreatophytes was estimated to he less than 3 ac-ft/ac on
average. This acreage did not include phreatophytes along drains and rivers. We
estimated that this was only about 1/3 of the area of Phreatophytes. As a rough
guess we estimate phreatophyte ET at 40,000 ac-ft, with a Cl of = 50%.

Other district inflows minus outflows. This is calculated from the other inputs
given above. It is included for simplicity in later calculations. The CI is calculated
with the procedures in Appendix 1.

Irriqation Water Crop consumptive use, ET,,.. In Table A2-2, crop ET of the
irrigation water was estimated from weather data as given in Appendix 7. The
confidence interval was calculated there based on the components that enter into
the calculations. For CVWD, Clon crop ET is = 12%.
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Sprinkler evaparation. We assumed that sprinklers were used on all vegetable and
truck crops. We estimated application of 12 inches with 15% evaporation. These
iosses include evaporation from water droplets, wind drift, and addition non-
heneficial evaporation from the wet soil surface. (See sprinkler acreage above).
The Cl is estimated as + 20% {which in retrospect looks low}.

Farm pond evaporation J.M. Lord inc. conducted a survey and identified 436 ac.
of farm reservoirs. Evaporation estimated as ET,, as discussed in Appendix 5.
The C! was estimated as x 20%.

Other farm evaporative losses. Evaporation losses occur over the area covered by
unlined ditches, turn rows, borders, etc. We estimate that these losses amount to
about 2% of crop ET, with a Ci of & 100%.

Net district supply. This volume is an intermediate closure term in the water
balance. It is the total water supplied less reuse within the district. The Cl is
computed as described in Appendix 1.

Net groundwater pumping. The net groundwater pumping is the closure term in
one of the district water balances. It is the amount of groundwater that is either
consumed or that flows to the Salton Sea. It is the total of groundwater pumped
minus an deep percolation or seepage which returns to the underlying
groundwater.

Effective rainfall. Effective rainfall is the amount of rainfall which goes to satisfy
crop ET. This amount must be subtracted from ET_ to determine ET,,, which is the
amount of irrigation water beneficially used by the crop as ET. For these
calculations, the irrigated acreage was assumed as 62,300 ac for ali years. This
amount is estimated as 34% of the total rainfali (see Appendix 3}, with a Cl of =%
20%. Effective rainfall was inadvertentiy omitted from the water balance
calculations for net groundwater pumping in CVWD,

Additional Inputs for District-scale Field Water Balance, CVWD
Colorado water delivered to farms. This volume was taken from CVWD records.
The Ci was conservatively estimated as £ 5%.

Tailwater rupnoff. Tailwater runoff is not zero, but is insignificant. It is certainly
less than 1,000 ac-ft/yr. We estimate 500 ac-ft with maximum uncertainty (+
100%).

Deep percolation return flow. This is the portion of deep percolation water that is
picked up in tile drains and flows to the Salton Sea or is consumed by
phreatophytes. This is an intermediate closure term in the water balance.
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Groundwater recharge of deep percolation water. From observations during the
1960's and before, there appeared to be natural seeps, indicating a general upward
movement of water. However, existing groundwater levels within the area of the
aquitard appear to be lower than the water levels within the aquitard, indicating
the potential for downward movement. in CDWR Bulletin 108, pg 125, it was
estimated that 13 to 15% of the irrigated area lied outside the aquitard {based on
66,660 irrigated ac., which is not too different from current acreage). The deep
percolation from fields outside the aquitard should recharge the groundwater and
not reach the drains. Combining the 13-15% area with the small amount of
downward movement within the aquitard, we roughly estimate that 15% of the
deep percolation water from irrigated agriculture recharges the groundwater and is
not picked up by surface or pumped drains. Since the amount of deep percolation
which recharges groundwater depends on the amount of deep percolation return
flow calculated above, the confidence interval also is influenced by the Cl of that
estimate. We estimate that the 15% proportion has a confidence interval of %
15%. These two Cl’s are combined as described in Appendix 1 to give a Cl for
this guantity.

Deep percolation. Deep percolation is computed as the sum of the above two
deep percolation quantities. The Cl results from those estimates.

Fish and duck pond evaporation. Total groundwater pumping for agricultural
purposes in the lower Coachella valiey also include water which is evaporated by
fish and duck ponds. The report on CVWD efficiencies by Boyle cites this acreage
as 988 ac. This acreage is multiplied by ET, to arrive at a total volume. The Clis
estimated at + 25%.

Pumped Deliveries. There is considerable controversy concerning the amount of
water pumped for irrigation within CVWD. This was one of the main criticisms of
the Boyle-CVWD report provided in the J.M, Lord Inc. The TWG agrees that this
amount is not well known. It is a closure term in one water balance. For the
water balance where ET_ was the closure, we estimated the volume to lie between
80,000 and 180,000 ac-ft, or 130,000 + 50,000 (+ 40%]}. This estimate was
made prior to computing the water balance where it was used as a closure term.

Gross farm irrigation deliveries. This is the sum of pumped and Colorado River
water deliveries, with the Cl computed for this sum.

Summary of CVWD water balances

Tables A2-4 and A2-5 give the water balance results used in subsequent
calculations for the years 1987-1992. The water balance with net pumping as the
closure (Tables A2-2 and A2-3) gave better estimates than the water balance with
ET,, as the closure (Tables A2-6 and A2-7)}.
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Effective rainfall was inadvertently omitted from the water balance calculations for
net groundwater pumping in CVWD. Adding this to the water balance would
increase estimates of groundwater pumping by about 5,000 ac-ft/yr and would
decrease the range of district and average farm IE's by about 1%.

D Details.

During Phase 1 of this assessment, two different water balances were used within
np:

edistrict water balance with ET,, as the closure term,

edistrict-scale field water balance with deep percolation as the closure term.

The boundaries for the district water balance include the irrigated area of the
imperial valley, from the Mexican border on the south to the Saiton Sea on the
north and from the East Highline canal on the east to the desert on the west. The
vertical boundaries include the aquifer under the valley.

The district-scale field water balance includes only agricultural fields within the
valley.

Data used in water balance calculations for 1D

Table A2-8 provides additional data that were used in the various water balance
calculations. These are values that varied from year to year. Most other values or
data were assumed constant.

Reference ET. The TWG made estimates of ET, from weather stations in the
valiey. These calculations are given in Appendices 4 and 6.

Rainfall. Rainfall estimates were made from weather station data, see Appendices
3 and 6.

Delivery to All American canal at Pilot Knob. These values were taken fram HD
records.

Water Delivered to Coachella Canal, Several different numbers have been used for
the amount of water diverted from the All American Canal to the Coachella Canal.
For ID water balances, we used the numbers reported by 11D water control, as
reported by Boyle.

Deliveries to [ID farms above EHL. We used the numbers reported by 1D water
contro!, as reported by Boyle.

Non-Ag Deliveries. We used the numbers reported by 1D water control, as
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reported by Boyle.

Alamo River flow to Sea. We used the numbers reported by 11D water control, as
reported by Bovle.

New River fiow to Sea. We used the numbers reported by HD water control, as
reported by Boyle.

Direct inflow to Sea. We used the numbers reported by 11D water control, as
reported by Bovle.

Surface inflow from Mexico. We used the numbers reported by HD water control,
as reported by Boyle.

Colorado Water Delivered to Farms. We used the numbers reported by 11D water
control, as reported by Boyle.

Estimated tailwater. Tailwater estimates were taken from the Boyle report, which
reflected acreage of various crops and estimates of tailwater percentage by crop
from previous 1D studies.

Net irrigated land. We used the numbers reported by Boyle from |ID water
reports.

Estimated sprinkler Acreage. We estimated that all truck and vegetable crops in
IID were irrigated with sprinklers. These acreages were taken from 1iD Annual
Reporis as reported by Boyle.

District Water Balance inputs for lID

Table A2-9 and A2-10 give the calculations for the water balance based on
irrigation water crop consumptive use as the closure for 1887. Within these
tables, values for various water inputs and outputs are given along with confidence
intervals. The source of the inputs to these water balances is described in the
following.

Delivery to All American canal at Pilot Knob. These values were taken from lID
records. Discussions with |ID staff indicate that this is a very good current
measurement site. The TWG did not evaluate the data coliection program or look
at details of the data. For now a conservative estimate of the confidence interval
was used, + 3%. Additional analysis could be used to refine this number if
needed.

Water Delivered to Coachelia Canal. Several different numbers have been used for
the amount of water diverted from the All American Canal to the Coachella Canal.

A2Z-9



We used the numbers reported by |ID water control as reported by Boyle. The
TWG estimates that the accuracy of the Parshall Flume to continuously record
voiume is = 4%. While some current metering is done to verify calibration,
sediment upstream from the flume causes some shift in calibration. Hydraulically,
Parshall Flumes are not very good devices. The TWG did not examine the details
of these measurements to estimate these confidence levels, but simply chose a
conservative estimate.

Evaporation between Pilot Knob and East Highline Canal (All American Canal}.
From Bovyle report on 1D, pg 48, evaporative surface area estimated at 756 Ac.
Boyle report used evaporation as ET,/0.68, however ET, is a better estimate.
Evaporation was adjusted accordingly. ET, values can be found in Appendices 4
and 6. The Cl for evaporation is estimated as + 10% (although in retrospect this
looks low}.

Seepage between Pilot Knob and EHL. These values were estimated from USBR
studies as reported by Boyle. The TWG used a Cl of = 15% (although in
retrospect this looks low).

Deliveries to IID farms above EHL. A small volume of water is delivered to [ID
farms near Drop 1. This area is excluded from the CVWD/IID water use
assessment. Values are taken from IID water control. The accuracy is estimated
at + 5% (although in retrospect this looks low).

Non-Ag. Deliveries. Water volumes for deliveries to non-agricultural users were
taken from 11D water control. This volume is very small and the accuracy is
estimated at = 5%.

Colorado Water Delivered to District. In all cases, this is calculated from other
inputs above. The Clis calculated with the procedures given in Appendix 1.

Canal & Reservoir Evaporation. The estimates of canal and reservoir evaporation
were taken from the Boyle report on IID. These were adjusted to reflect the
TWG's estimate of ET, and to remove the adjustment to evaporation relative to ET,
{i.e., K. =1.0 for reservoirs).

Alamo River flow to Sea. We used the numbers reported by 11D water control, as
reported by Boyle. The TWG visited the measurement site and discussed hardware
and procedures, but did not do a thorough evaluation. We assign an estimate for
Clof = 8%.

New River flow to Sea. We used the numbers reported by 11D water controi, as
reported by Boyle. The TWG visited the measurement site and discussed hardware
and procedures, but did not do a thorough evaluation. We assign an estimate for
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Clof £ 8%.

Direct inflow to Sea. We used the numbers reported by lID water control, as
reported by Boyle. The TWG did not visit any of these measurement sites. We
assign an estimate for Cl of = 10%.

Surface inflow from Mexico. We used the numbers reported by 11D water control,
as reported by Boyle. The TWG visited the measurement site and discussed
hardware and procedures, but did not do a thorough evaluation. We assign an
estimate for Cl of = 10%.

Rainfall on irricated land. Rainfall estimates were made from data from three
CIMIS weather stations, see Appendix 3. lrrigated acreages were taken from the
Boyle report on IID. The Cl is estimated at + 20%.

Rainfall Evaporation on irrigated land. The portion of rainfali evaporating and not
contributing to crop ET were estimated by the TWG in Appendix 3. This acreage
was applied to the rainfall calculated above. The Cl is estimated at = 20%.

Rainfall runoff on fallow land. Only that portion of rainfall that ran off from fallow
land was included in the water balance. (See Phreatophyte ET}. This was based
on an estimate of 15,000 acres of phreatophytes and 14% runoff. These
estimates are ali rough. A Cl of = 20% was assigned.

Returnflow from non-agricultural discharges. The estimates from the Boyie report
on 1D were used. These is some uncertainty in this volume so we gave it a Cl of
4+ 30%.

Storm inflow (Mesa). The current water balances for [ID used the Boyle report’s
estimate for 1987. Here it was not adjusted by year. It was assigned a Cl of +
30%, which appears to be much too low. (Although this will have an insignificant
effect on final Cl's).

Subsurface flow to drains (external sources). In the current water balance, we
used the values reported by the Boyle report on 11D with a Cl of 4+ 30%. Current
estimates of groundwater conditions suggest that less groundwater flow is coming
from Mexico than reported in earlier years. |In retrospect, this estimate appears
high and the confidence interval appears too narrow. Both the value and Cl should
be adjusted in future water balances.

Subsurface outflow to Salton Sea. The estimate of 2,000 ac-ft reported in
numerous reports since 1964 as subsurface flow to the Salton Sea appears 1o
have been an off-the-cuff estimate of the maximum. The TWG therefore suggests
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that the range is 0 to 2,000, or 1,000 + 100%. Local groundwater flow near the
surface is considered negligible.

Evaporation from drains, rivers and phreatophytes. Boyie 11D report, pg B-84,
estimated evaporation from phreatophytes, drains and rivers. Phreatophytes
evaporation was estimated at 0.9%ET,, which appears reasonable. Water surface
evaporation was estimated at ET,/0.75, while ET, is a more reasonable gstimate.
The volumes of phreatophyte ET were computed with these adjustments,
assuming surface areas from Boyle report and ET, from CIMIS estimates (see
Appendix 4). The Cl was assigned + 20%, because the acreage was carefully
determined.

Other district inflows minus outflows. This is calculated from the other inputs
given above. Itis included for simplicity in later calculations. The Cl is calculated
with the procedures in Appendix 1.

irrication Water Crop consumptive use. ET,, was estimated two ways: from a
combination of weather data and alfalfa yield information as given in Appendix &
and from a water balance {Table A2-4). For weather based ET, the confidence
interval was calculated based on the components that enter into the calculations.
For IID, C! on weather based crop ET is = 7%. For water balance ET estimates,
the Cl was determined from closure in the water balance with the methods of
Appendix 1.

Sprinkler evaporation. We assumed that sprinklers were used on all vegetable and
truck crops. We estimated application of 6 inches with 15% evaporation. These
losses include evaporation from water droplets, wind drift, and addition non-
beneficial evaporation from the wet soil surface. (See sprinkler acreage above).
The Cl is estimated as =+ 25% {(which in retrospect looks low).

Farm pond evaporation The TWGQG estimated 50 ac. of farm reservoirs.
Evaporation estimated as ET,, as discussed in Appendix 5. The Cl was estimated
as + 2b6%.

Other farm evaporative losses. Evaporation losses occur over the area covered by
unlined ditches, turn rows, borders, etc. We estimate that these losses amount to
about 2% of crop ET, with a Cl of £ 100%.

Net district supply. Is an intermediate closure term in the water balance. It is the
total water supplied less reuse within the district. For lID this is the same as
Colorado River Delivered to Farms.

Effective rainfall. Effective rainfall is the amount of rainfall which goes to satisfy
crop ET. This amount must be subtracted from ET_ to determine ET,,, which is the
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amount of irrigation water beneficially used by the crop as ET. This amount is
estimated as 34% of the total rainfall (see Appendix 3}, with a Cl of £ 20%.

Additional Inputs for District-scale Field Water Balance, lID
Colorado water delivered to farms. This volume was taken from IID records. The
Cl was estimated as =+ 5%. In retrospect this Cl may be low.

Tailwater runoff. Tailwater estimates were taken from the Boyle report, which
reflected acreage of various crops and estimates of tailwater percentage by crop
from previous D studies. The Cl was estimated as + 20%.

Deep percolation. Deep percolation is computed as the remainder in the water
halance. The Cl results from those caiculations.

Summary of ID water balances
Tabies A2-11 and A2-12 give the water balance resuits used in subsequent
caliculations for the years 1987-1982.

INTERPRETING VARIANCE COMPONENTS

The purpose of calculating normalized variances for each component in a water
balance is both to determine the variance, and thus confidence interval, for the
remainder, but also to determine which components in the water balance have the
most influence on the magnitude of this variance. The normalized variance is
expressed here as the normalized coefficient of variation squared, c?.

For exampie, consider Table A2-2. The first sum is Colorado River Delivered to
District. The normalized C? is 0.000593, as shown in the far right column. This
value is the sum of the normalized C? from the terms which are used compute it.
The main contributor to this number is the Water Delivered to Coachella Canal,
which contributes 0.000613, or 0.000513/0.000593 = 86%. Similarly at the
bottom of this table, Net District Supply contributes 0.047053/0.052988 = 89%
of the uncertainty in Net Groundwater Pumping. The uncertainty in Net District
Supply is split mainly between ET;, (0.001334/0.0036565 = 36%) and Other
District Inflows and Qutflows (0.002278/0.003655 = 62%]).

Similar analyses can be done for the components of other water balances. These
analyses were used to guide the TWG in determining priorities in data collection
activities in Phase lI, with the components causing the most relative amount of
uncertianty being given higher priority. However, improving our estimates of water
destination was only one aspect considered in the TWG's setting of priorities.

Data needs for determining reasonable uses were also considered.
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Tablie A2-1. Data used for water balance calcoculation fox CVWD.

1987
Reference BT, ET, 6.58
rainfall 0.32
Water Delivered te Coachella Canal 323
Cmachalla Deliveries to IID farmo 3
Non-hAg Deliveries o
v storts drain flows & direct pumping 117
colorade Water Delivered to Faymso 282
Irr. Water Crop Consum. Use, ET,, 225
Botimated pprinkler Acxeage 15

Table A2-2 Diptrict water balance for net pumping in CVWD: detailed calculations for 1587

1988 1589
& .39 6.2
0.28 &.06
33z 323
a 3

G 4
117 133
286 aon7
2232 234
15 18

Velume

(3,000 ac-
water Delivered ro Coachella Canal 323

Coachella Canal losses (Up to ncreens) (34)*
Couchella Deliveries to IID farms t3)
Non-Ag Deliverien {0}
Colorada Water Delivered to Diptrict 286
tanzl and Reservoir Evaporxation {2)
cv storm drain flows & direct pumping {117)
Rainfall en Irrig. land 0
rainfal:l Evap ot Irr. land {10}
Rainfall runeff-fallow land i
Returnflow Non-Ag Discharges 5
storm inflow (Whitewater river) 2
subsurface flow to Draine (external asources) 1
Subsurface outflow to Salton Sea {0}
Bvap. from DPrains. Rivers & Fhreat {40)
other District inflows-outflown {141)
Irr Water Crop Conaum. Use. BT, 225

Bffective Precipitation {oope !}

Sprinkler Bvaporation 2
farm Pond Evaporation k]
other farm evaporative losses 5
other Bistrict inflowa-cutflows 141
Net distriet Supply 17¢
Net district Supply 176
Colorado Water belivered to Ristricr {2886}
Net groundwater pumping 90
confidence Interval upper bound 49
lower bound 132
s 21

+ { ) indicates negative value
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£l

1330

6.1
0 .04
3en

110
31s
228

1B

Confidence
Interval

*4¥
*18%
5%
+C%
LGN

+=20%
*25%
*20%
*20%
+30%
*50%
*300%
£100%
*100%
250%
*35k

%32%

*20%
+20%
=100%
*25%
*12%

12
5%
*4EY

1591 1952
5. BB 5 .93
0.28 0.53
11 2588
4 4

Q 0
104 101
275 262
212 208
17 16

Unics

fc

Ex
1.600 ac-£=
1.000 ac-£fo
1.000 ac-£t
1.000 aw-fr
1.000 aw-fu
1.000 aw-fo
1,000 ac

Normalized Normalized

c
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1
c

. 000513
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000000
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Table A2-3 pDisvrict-scale £field water balance for deep percelation and farm water supply in CVWD:
detailed caleulations for 1987

Volume Confidence Normalized Normalized
{1.000 ac-ft) Interval ¢ o
Colorade Water Delivered to Farms 28z *5% 4.0589 0.000359
Het groundwater pumping 50 *46% G .0588 G.003108%
Net Water Delivered to Ag usera 372 ®12% ¢.0589 3.0034680
Net Watex Delivered to Ag usersn a72 +12% 0.159¢& 0 025478
Irr Water Crop Consum. Use, ET, {225) +12% 0.093%% 0.009378
sprinkler BEvaporation (23 +20% 0. 0016 0.000003
rarm Pond Bvaperation (3} +20% 0 0821 0.000004
other farm evaporative losses (5} +100% 0.0164 0.000268
Tailwater Runoff {3) %100% o.o0le 0. 0000032
pesp Percolation return flow 137 &38% 0.1890 0.035734
Deep Percolation return flow 137 +38% 0.1607 0.025B18
Goundwater Recharge frowm Deep Perc 24 w53y 9.0386 0.001493
Deep Percolation 162 £33% o .3653 8. 027311
con€idence Interval upper bound 108
lower bound 2:i5
5 27
Net groundwater pumping 20 *46% 6.1718 0.0387134
rish & buck pend Evaporation 3 *25% 0. 0066 0 006044
Goundwatex Recharge From Deep Perc 213 +*52% 0. 0817 0.08267
pumped deliveries 123 =39% D.1963 0.038448
Confidence Interval upper bound 71
lower bound 168
5 24
Colorade Water Delivered to Farms 282 +5% 0.0175 0.000306
rumped deliveries 121 +39% 0. o548 0.0D3458
Grosa farm irrig. water 403 +12% 0 .0614 o 003764
tonfidence Interval upper bound a54
lowar bound 453
5 25
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Table A2-4 Diptrict water balance results for nec pumping, CVWD, 1987-1932.

1987 1988 1389 1530 1991 1992
————— wanrwawwwnnee= (1,000 ACwEL) comrom-wewmnveuao.
Water Delivered to Coachella Canal 323 331 323 Y1) 311 FLE:]
roachella Canal loases {up te Boreens) (34) (34} (34) {34) {34) (34)
Coachella Deliverien to IID farms (3) (3) {3) {3 (4) {4}
Non-Ag Deliveries (o) o} (o) {1) {0) o}
Colorado Water Delivered to District 286 294 286 122 273 261
canal and Heservoir Bvaporation ($3] {2) (2} {2 {2} {z)
oV ptors drain flows & direct pumping (117} {117) {111) {110) (104} (101)
Rainfall on Irrig. land 20 18 4 2 17 33
painfalil Evap. on Irr. land {10} {8} {2} {1} {9} {17)
Rainfall runoff- fallow land 1 1 ] o 1 1
Recurnflew Non-Ag Dipcharges 5 5 [ 5 5 5
srorm infiow {Whitewarsxr river} 2 2 2 3 a 2
subpurface fiow to Brains (external sources) 1 1 1 1 1 1
Subpurface outflow toc Salten Sea (o) {0} {0} {0} {0) (o}
Evap. from Drains, Rivers & Phreat, {40} (40} {40} {40} (48) {a0}
other District inflows-cutflows {141} {144} {143} (143} (1289) {318}
Irr. Water Crop Conoum. Une. ET, 228 222 234 228 212 208
Effective Precipitation {oopn!)
Sprinkler Evaporation 2 2 3 3 3 2
Farm Pond Evaporation 3 3 3 3 k! 3
other farm evaporative lcosen S 4 5 5 4 4
pther District inflows-eutflown 141 144 143 143 123 118
Net diacrict Supply 198 a7s 347 159 150 338
Met diotrict Supply 176 375 g7 apl 350 335
Colarado Water Dalivered to Distrien {286} {294) {286} {322} (273} (261}
Net groundwater pumping 50 B1 inz 53 1 14
confidence Interval upper bound 49 44 62 2B 42 33
lowar bound 132 119 142 At 113 119
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Jable AZ-5 pigtrict-ncale field water balance results for deep percolation and farm water supply (from
diptrict warer balance on net pumping). CVWD. 1887-1992

1987 i13BB 1589 1390 1951 1552

S e e {1.000 ac-f&}) ----- - ————
Colerado Water Delivered to Farms 282 286 307 315 s 282
Net groundwater pumping 20 81 102 55 77 74
Net Water Deliverad te Ag userns 372 367 409 374 i52 337
Net Water Delivered to Ag users 172 167 409 374 152 337
irr. Water Crop Consum. Use, EBI,, (228) {222) {234} {z228) {212} (258)
sprinkler Bvaporation {2) (2} {3} {3) {3} (21
Farm Pond Bvaporation {3) (3} (3) {3} {3} {3}
other farm evaporative loases i5) {4) (5} {5} (4) {3}
Tailwater Runcff {1) {1) {1} (1) (1) (1)
Deep Percolatien return flow 137 135 164 135 131 119
Beep Percolation retuwrn flow 137 135 164 135 131 114
Goundwater Recharge from Deep Perc 24 24 29 24 23 21
Deep Percolation 162 159 191 159 154 140
confidence Interval uppax bound 148 1G9 1319 113 107 81
lower bound 215 209 246 205 z01 187
Net groundwater pumping 90 81 102 59 ki) 74
Fish & Puck pond Evaporatien & [ 6 & [ &
coundwater Recharge from Deep Perc 24 24 29 24 23 21
punped deliveries 121 1.2 137 B9 108 103
tonfidence Interval upper bound 73 70 52 54 67 [33
lowar bound 168 154 182 120 145 142
colorado Water Delivered to Farms 282 286 307 11§ 278 262
Pumped delivarien 123 112 137 a9 108& 101
Groas farm iyrig wAater 403 398 444 404 381 364
Cenfidence interval upper bound 354 383 3196 369 140 321
lower bound 453 442 492 439 423 406
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Table A2-6. District water balance for EI, in CVWD: detailed calculations for 1987

Volume Confidence Normalized Normalized
(1,000 ac-fr) Interval c c’

Water Delivered to Coachella Canal 321 +4% 0.0zz26 0.000513
coachella Canal losses {up to pereens) (34} +15% 0.o08% {.0Gboag
Coachella Deliverien to IID farms (3} +5% 0.0003 $.000000
Non-Ag Deliverien {o) 5% 0.0000 ¢ .000000
Colorado Water Delivered to District 286 F34 ] 0.0242 ¢.00059)
Colorade Water Delivered to District 286 +5% 00181 ¢.0060325
Pumped deliverien 130 £40% 0. 0878 ¢ .004592
Fish & Duck pond Evaporation {6} +25% 0.0054 ¢.000029
Goundwater Recharge from Deep Ferc {25} HE0% 0.0%199 ©.0003596
et district Supply 384 +15% 0.0728 8.00531s
¢anal and Reservoir Hvaporation {2} +20% 0.0012 0.000002
vV gtorm dreain flows & direct pumping {117} &25% [ %13:1:1:] O.009Ys
Rainfall on Irrig land 20 *20% o 0134 0.000LB0
Rainfal} Bvap. on Irr. land (10} +20% G.0070 0.600049
Effeccive Rainfall (7 +20% 0 .0045 0.G00021
Rainfall runcff- fallow land 1 *30% 0.0007 0.000000
Returnflow Non~Ag Diescharges 5 +ED% 0.009% 0.500082
storm inflow (Whitewater river) 2 +100% 0.00863 0 .000D3Y
Subpurface flow to Drains (external sources) 1 +100% 0.0017 0.000003
subpurface outflow to Salton Sea {o) *100% 0.o007 0.000008
tvap. from Drains. Rivers & Phreat. {40} +50% 0.0676 D. 004568
Other Diotricet inflows-outflews {148} x24% 0. 1213 0. .0:4716
Met distriet Supply 384 *15% 0.1237 0. 015301
other Digtriet inflows-qutflows 1148) +24% 0.07%4 0.006259
Sprinkler Bvaporation (2} +20% 0.9015 0. Dpope2
Faym Pond Evaperation (1 +20% 0.001% G.000004
Other farm evaporative losses (5} +100% 0.0100 o .008100
Irr. Water Crop Conoum. Use 226 +29% 0.1472 4 . D21T0E

confidence Interval upper bound 160

lower bound 293

5 33

Table AR2-7. Diptrict-scale field water balance for deep percolation in CVWD: detailed calculations for 1987

Volune Confidence Noxmalized HNormalized
{1,000 ag-ft) Interval ¢ e

Colorado Water Delivered to Farms 282 5% 0.0174 G.000302
Punped deliveries 130 *40% D.0641 0.004108
Fioh & Duck pond Bvaparation {6) x25% 0.P054 0.00802%
Water Delivered to Ag users 4086 +13% 0.0B6E6 0.004437
Water Delivered to Ag uners 408 13N 0.5594 0.025402
Irr. Water Crop Conpum, Use (226} +29% 4.1965 G.03IR597
Sprinkler Bvaporation (2} £20% ¢.0013 0. 680002
Farm Pond Bvaporation {3} =204 0.0017 o.00000n
Other f£arm evaporatcive losses (5) +3100% ¢.0133 0.600L78
Tailwater Runcff (1) *i00% G.0015 0 .000002
Deep Percolation i70 +51% 0.2533 0.0641B4
Confidence Interval upper bound B4

lowar bound 256

s 43
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Table A2-8%. Data used for water balance calculation for IID.

1887
jeference 5T 5.90
Rainfall g.23
pelivery to AA Canal at Pilot Kneb 1,091
Water Delivered to Coachella Canal 320
peliveries to IID farme above EHL 3
Nori-Ag Deliveries 64
Alamo River flow te sea 5132
Hew River flow to sea 493
pirect Inflow to eea 89
surface inflow from Mexico 253
relorado Hater Delivereéd to Farms 2,312
Est . Tallwater ag?
Net Irrigated Land 456
gst. sprinkler hcreage Lis

table Az-9. District warer balance for ET, in IID: detailed calculations for 1987,

(1,000 ac~fr)

Delivery to AR Canal at Pilot Knob
Water Delivered to Ceachella Canal
Seepage between PK and EHL
gvaporation between PK and BHL
Deliveries to IID above BHL

Non-Ag Peliveries

Colorade Water Dslivered to District

tolorade Water Delivered to District
pumped deliveriea

Goundwater Recharge from Deep Perc
Net district Supply

Canal and Reservoir Evaporation
Alame River flow to sea

New River flow to oea

parect Inflow to sea

surface inflow fram Mexiceo

rainfall on Irzrig. land

Rainfall Svap. on Irr. land
Effective Rainfall

gainfall runcff- non-Ag land
Returnflicw Non-Ag Discharges

storm Inflow (Heaa)

subsurface flow to Drainps {extermal asources)
Subpurface Outflow to Salton dea
Evap. from Draine, Rivers & Phreat.
Other Diptriet inflows-outflows

Net district Supply

other Distriet inflews-outflows
sprinkler Bvaporation

Farm Pond Bvaporation

other farm evaporative losses
frr. Water Crop Consum. Use

Confidence Interval Upper bound
Lower bound
5

1988

6 68
0.13
3.27%9
325

5

52
853
483
100
229
2,493
419
461
119

Volune

3,091
{320)
(o4)
{5)
{8)
{64)
2.602

2.602
k]
o
2.602

{24}
(512}
(453}

(99}

253

103

{513])

(35}

14

20
(1)
(87)
{912}

3,602

(912}

[$:3]

{:}]

{31)
1,648

1,825
1.770
61

18898

6 .65
Q.09
3.377
183

5

66
594
431
56
155
2. 877
435
464
134

1580

6.18
0.2
3,420
a5y

70
618
431

81
135

2,611
433
465
‘148

Confidence
Interval

3%
4%
£15%
+10%
5%
5%
w4y

*20%
0¥
*BY

*10%

+10%

£20%

*20%

+20%

+20%

*30%

%30k

+30%

£40%

*20%
8%

*4%
*B%
*25%
*25Y%

+100%
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1991

5.58
0.41
3.2
aae

T3
594
411

8a
133

2.449
408
468
122

c

0.05278
0.0025
o.o027
¢.000L
¢.0000
G 0006
0.01B2

0.0x82

0.c1e2

4.0026
0.0225
0.0216
¢.0054
0.0313%
0.0112
C.0DEE
0.0038
0.0001
0.0023
0.0005
0.0033
0.0002
G .0056
0.0385

0.o287
O.0213
0.000D7
0.2008
0. 0100
¢.0372

1882

5. 58
0.46
2,876

297

T2
546
327

81
145

3,106
353
460

33

O OO oo Hho

- I =T = T~ T = I = B~ = T - A = = = o= o (=1

a0 0090

Un

1,000
1,000
1,000
1,000
1,000
1,000
PRl
. 500
-G80
-Doo
1,000
1,000

H R e

Normalized Normalized

{:?

.000137
.0QQo0e
. 00o007
400000
. 4nooag
.000G0e
-00a33)

.0G0a31

G00331

. 0000207
000508
. 000468
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-000034
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.0G138:

its

fr

fr
ac-fr
ac-ft
aw-ft
ac-ft
ac-fr
ac-fx
ac-ft
as-fu
ac-fr
ac~-fr
ac
ae



Table A2-10 BDistrict-scale field water balance for deep percolation in IID: detailed calculations for 1987

Volume Canfidence Normalized Normalized
{1,000 ac-fg) Interval c ¢
Colorado Water Delivered to Farmo 2,322 £5% 0.6250 0.000625
pumped deliverien o
Water Delivered to hg upers 2,322 *5% 0. 82s50 0.D00625
Water Delivered to Ay upers 2.322 E31] 0.2370 0.056158
Iryr, Waber Crop Congum. Use {1.648) +7% 0.2500 0.N62482
Sprin}cler Bvaporation {9} +25% 0.0045 0.o00020
Farm Pond Bvaporation {0} *25% 0.0002 ©0.000000
oOther farm evaparative lopaes {33} +100% 0 0873 0.004524
Tailwater Runoff {387} *20% D.1581 0.025008
Deep pervolation 245 =77% 0.3850 0.14818]
confidence Interval Upper bound 56
Lower bound 414
5 94

Table A2-1i District watex balance results for BTiw in IID, 1%87-1992

1587 1968 1989 19%0 1951 1982

------------------- {1.000 ac-fL) wrmeceeromrc .

Pelivery to AR Canal at Pilot Knob 1,091 3.279 3,377 3,420 1.211 2, B78
Water Delivered to Coachella Canal (120} (325} (351} {388) {308) {297)
Sespage between PK and EHL (34) (94} (94} (94} (94} (84)
Bvaporation between PK and EHL (s} (5} {5} (s} (4} {4]
Deliveries vo IID above EBHL {5) (5} (35) (5} (51 {8)
MNon-Ag Deliveries (64) (§2) (66) (7o} (73} (72)
Colorado Water Delivered to Diotrice 2,602 2,787 2,855 2.88B6 2,728 2.403
Colorade Water Delivered to Diptrics 2.602 2.787 2.855 2.888 2.7248 2,403
pPumped deliveries o ] 1] o i} o
Goundwater Recharge fxom Deep Perc [ 1] o [+3 D 1]
Ner district Supply 2.5802 2,787 2.855 2,886 2,728 2.403
canal and Reservoir Evaporaticn {24} {22} {23} {21) (19} (15}
Alamo River flaw teo pea {512) {559} {594} [€:5:3] [(594) {546}
New River flow to gea {493} {489} {431) {431} (411) (397}
Direct Inflow to pea {85} {100} [§:1:4} {81} {88} {81}
Surface inflow from Mexico 2583 229 229 158 138 131
Rainfall on Irrig land 103 &80 43 2 185 209
Rainfall Bvap. on lrr land {53} {31} (22} {as} {96) (109}
Effeccive Rainfall {as) {20} {14} (az} (63) {71}
Rainfall runcff- non~Ag land [+ 4] 4] 0 1 1
Returnflow Non-Ag Diacharges 14 14 14 14 14 14
storm Inflow (Mesa) 3 3 3 3 3 3
Subsurface £low to Drains {(external sources) 20 20 20 20 20 20
Subsurface Outflow te Salton Sea (1) (1) {1} (1 (1} (1)
fvap. from Drains, Rivers & Fhreat. {87) (84} {84} {78} (71} {(70)
Ctheyr District inflows-outflown (512) {s882) {5587} {1,034) {985} (914)
Net disktrict Supply 2.602 2.787 2,855 2,886 2,728 2,403
Other District inflows-outflows {912} {982) {357) {1.034} {985) 514}
Sprinkler Bvaporation (9) 19} {10} {11} (%) 17}
Farm bPond BEvaporation {0} {0} {0} {a} (o) {0}
other Earm evaporative looses {33) (38) (37} {36) {34} {29)
Irr Water Crop Conpum. Use 1,648 1,781 1.851 1l.805 1,700 1.452
confidence Intexrval Upper bound 1.528 1.634 1,722 1,674 1,571 1,332
Lower bound 1,770 1.887 1,579 1.835 1,828 1.572
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Table A2-12. District-acals field water balance results for desp percolation (from discrict water
balance on BL,), IiID, 1987-19352.

1987 1988 198% 1930 18591 1992

------- mwmemmmwsuse {1,000 ac=fR} --rorme-e-mumm—m—e-

colorado Water Delivered to Parms 2,322 2.453 2,577 2,611 2,449 2,106
pumped deliveries 0 ] 0 0 0 ]
Watayr Delivered to Ag upern 2,322 2,493 2.877 2.611 2,448 2,106
Water Deliverad te Ag users 2,322 2,493 2,877 2,611 2,445 2,108
Iyr. Water Crop Consum. Use {1,648} {1,783} (a,851) ({1,8@5) {1,700} {1,452
Sprinkler Evaporation {8} {3) {10} (11) {g) (&3]
Farm Pond Bvaporation (o} (o} {o} {0) (o} (o)
pother farm evaporative loocaen {33} {as} (a7 (36} {34} {29}
Tailwater Runoff (387) (419) {4315) (433} {409) (353}
Daep Percolation 245 269 244 ERE 286 268
tonfidence Interval Upper bound 56 70 kY1 a2 98 BB
Lowey bound 434 469 449 527 495 442
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APPENDIX 3

EVALUATING EFFECTIVE RAINFALL IN CVWD
by
Marvin E. Jensen
01 Oct 93

INTRODUCTION

In my previous report (Effective Precipitation, 20-Sep-93), I
summarized several procedures developed for estimating effective
precipitation (the SCS-USDA method, SCS8, 1970; and Hershfield,
1964) and reviewed several other papers on effective
precipitation (Kopec et al., 1984; Nieber and Patwardhan, 1988;
and Patwardhan et al., 1990). In this report, I summarize an
evaluation of effective rainfall in the Coachella Valley Water
District (CVWD) using a combination of methods.

ESTIMATING RAINFALL RUNOFF

Methods for estimating runoff from small watersheds for use in
hydrological models have been summarized in monographs edited by
Haan et al. (1982) and Hanks and Ritchie (1891). specific
aspects surface runoff, storage and routing, including the SC5-
USPA method of estimating the abstraction of precipitation were
described by Huggins (1982). Williams (1991) summarized
adaptations of the SCS~USDA method for use in modeling.

PROCEDURES
Rainfall Interception

No specific data or equations for rainfall interception by
agricultural crops were found in a brief search of agronomic
1iterature. Therefore, the method used by Nieber and Patwardhan
(1988) was used in this analysis. Their equation converted to
inches of rainfall is:

- R

where I = the interception of rainfall by crops, R is rainfall
and TP is days since planting. I is limited to 0.2 S. For this
analysis, the date of planting of annual crops was assumed to be
15 October.
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Rainfall Runoff

The SCS rainfall-runoff relation was used to estimate runcff:

(R-I)%2  (R-0.28)°? (2)

O- g= 1,78 "R+0.88

where Q is the cumulative direct runoff, R is the cumulative
rainfall and S is the maximum potential retention. The initial
abstraction (I,) in a typical storm is I, = 0.2 S. The value of
the maximum surface retention after runoff begins, S, in inches
is obtained from the SCS Curve Number (CN}):

§ = mooo - 10 (3)

For this analysis, soil type "D" was used. Type D soil is
classified as having a very slow infiltration, i.e., less than
0.05 in/h when wet. Rainfall events for the period 1986-92 at
Thermal, California were used. When rains occurred on
consecutive days, they were called Day 1, Day 2 and Day 3 rains.
For Day 1 rains, Condition II for average conditions was used.
For Day 2 and Day 3 rains, Condition IITI (wet) was assumed.

The antecedent moisture Condition I is for dry soils, as prior to
or after plowing or cultivating. Condition II is for average
conditions. Condition III is for saturated soil due to heavy
rainfall (or light rainfall with low temperature 5 days prior to
a storm).

The curve number selected was CN = 89 for row crops, Condition
TI, and CN = 96 for row crops, Condition III. The maximum
retention (S) for these two conditions was 1.24 in. for Condition
II and 0.42 in. for Condition III.

Non~Beneficial Evaporation after Rains

After a rain, or several days of rains, the soil surface is wet
and evapotranspiration is greater than that occurring just before
the rain. The method developed at Kimberly Idaho of estimating
t+he increase in evaporation due to rains or irrigations was used
as summarized on page 118 of ASCE Manual 70 (Jensen et al.,
1990):

E+ = 0.35[t, + 1.5)] [K, - K,Ku) ET, (4)
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where E+ is the increase in ET, t, is the number of days after a
rain usually required for soil surface to appear visually dry,
which for clay leoam soils may be 7 days or more. For sandy
soils, t, may be 3 days or less. For this analysis, a value of 7
was used. The maximum rate of ET after a rain is determined by
the value of K;, which was set at 1.2 for use with ET,. K, is the
basal crop coefficient and K, is the relative effect of reduced
soil water. The resulting crop coefficient is K, = KX,. For
this analysis, a weighted average crop coefficient was used. The
weighted average monthly K, values were calculated using the
distribution of major crops in CVWD.

JMLord’s crop coefficients for alfalfa-based reference ET were
adapted for use with ET, by multiplying his coefficients by 1.2
based on the relationship ET(alf)/ET, = 1.2. Therefore, K, = 1.2
K, where K, is the crop coefficient to be used with ET, and X, is
the corresponding coefficient to be used with alfalfa-based
reference ET. For rainfall less than that obtained from Eg. 4
the increase in evaporation was limited to the amount of
rainfall.

r

The distribution of rains during the period 1986-92 was derived
from climatological data provided by CVWD for Thermal,
California. CIMIS reference ET values (ET,) for Thermal were
obtained from the report by Boyle (Styles, 1993) for the years
1987~80. Average monthly ET, values were used for 1986, 1991 and
1992. Since there was little rainfall from May through August,
the analysis was carried out for the period September-April.

RESULTS
Rainfall Events

The number of single day storms for the September-April period
was 109. The number of 2-day storms was 25. Only 5 storms
produced rainfall for three consecutive days. The average
rainfall for Day 1, Day 2 and Day 3 is summarized in Fig. 1.

Most of the rainfall occurred on Day 1 and Day 2 except in
December. The distribution of rainfall events by depth
increments and days is summarized for months September-April in
Figures 2-9. Most of the rains provided only 0 to 0.2-inch of
rainfall. Only a few rains exceeded 0.8-inch in February.

Adjusted Crop Coefficients
The mean monthly JMLord’s crop coefficients for major crops grown

in ¢vWwD adjusted for use with ET, reference ET are summarized in
Figures 10a, 10b and 10c.
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The dates of planting, full cover and harvest used in the
analysis are summarized in Table 1. Several minor adjustments of
the "interval" were needed so that the harvest date minus "4 x
interval" did not precede the effective cover date.

The average monthly coefficients for the individual major crops
are summarized in Table 2. The weighted average crop coefficient
for each month is summarized in the last row of Table 2.

Estimated Runoff and Increased Evaporation

A summary of the results obtained from estimating interception of
rainfall, runoff and increased evaporation following rainfall is
presented in Table 3. The estimated total runoff was 2.8 inches
for the 6-year period or 14 percent of the total rainfall. The
estimated evaporation of rainfall from that intercepted by crops
plus that which wetted the soil was 52 percent. Except for
November, the effective rainfall ranged from 40 to 50 percent for

the period October through February. It decreased to 20 percent
in March.

The average annual effective rainfall was 34 percent of the
total. Styles (1990) estimated 30 percent. The details of the
computations are presented in Appendix A3-A.

The average percentage of effective rainfall is presented in Fig.

11. Rainfall during the summer months is essentially non-
effective because of small amounts and high evaporation rates.
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Table 1. Distribution of major crops and estimated
planting, full cover and harvest dates in the
CVWD.
Planting Full cover Harvest
Inter—
Crop acres wval 1) Date (843) Date ch Date c¢h Comment
FIELD CROPS:
Alf. hay 2,130 20 Ol-sep 244 06«~Jun 528 31~Aug 608 Season
I. pasture 1,555 84 0Ol-Sep 244 29~Sep 272 31-pug 608 Season
sudan/sil. 2,940 25 14 Apr 104 07-aug 219 15~Nov 319 Milco Kc
Cther 1,267 79 14 Apr 104 03-Jan 3 15~Nov 319 Pasture Ko
FRUIT CROPS:
Dates 5,689 40 0Ol=-Jan 1 24-Jul 205 31~Dec 365
Citrus 13,094 52 01-Jan i 06-Jun 157 31~Dec 365 Oranges Kc
Grapes 12,008 30 0Ol1-Mar &0 03-Jul 184 31-0ct 304
Other 454 40 Oil-Mar 60 Z24~May 144 31-0ct 304 Peaches K¢
TRUCK CROPS:
Beans 892 15 0l1-0ct 274 3l-Pec 365 0l-Mar 425
Brocecoli 810 15 (l-0Oct 274 03~-Dec 337 0l1-Feb 397
Carrots 1,14¢C 20 14-0ct 287 25-Dec 3sg 15-Mar 439
Corn, 8w 4,582 15 l4~Jan 379 17-Mar 441 i6~May 501
Lettuce 2,596 25 14-Sep 257 i12~8ep 255 21-Dec 355
Okra 414 20 0Ol-Nov 3058 10-Jan 375 31-Mar 455 Soybean Kc
Onion, dry 588 25 Ql-Nov 305 04-Feb 400 15-May 500
Peppers 1,245 15 0l-Nov 305 0l-Apr 456 15-May 516
Potatoes 870 15 0l-Nov 305 l1&-Mar 440 15-May 500
squash 647 15 0Ol~-Feb 397 0l-May 486 30=Jun 546
Watermelon 724 20 01-Jan 1 12-Mar 438 31-Dec 516 Melon Kc
Misc. wveg. 786 15 0QOl-Nov 305 01-Apr 456 15-May 516 Pepper KXo
Nursery 790 5 01-Ovt 274 10-mpx 465 01-Feb 485 Turf Kc
Other 2,077 15 Ol-Nov 308 01~-Apr 456 15-May 516 Pepper Ko
1) Interval refers to the days in periocds 1-4 after full cover (JMLord’'s

Crop Coefficients).
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Table 2

. Average crop coefficients for major crops in the

CVWD for use with CIMIS values of Eto in

estimating effective rainfall.

Monthliy Kc¢ for ETO

Crop Area, acres Sep Oct Nov Dec Jan Feb Mar Apr Cmt.
FIELD CROPS:
nlf. hay 2,130 0.85 0.85 0.85 0.85 .85 0.85 0.85 .85 1)
1. pasture 1,855 1.08 0.90 1.08 1.08 1.08 1.08 1.08 1.08 1)
sudan/sil. 2,940 1.10 0.66 0.18 0.18 0.18 0.18 0.18 0.18 2)
Other 1,267 0.90 1.08 1.08 1.08 1.08 1.08 1.08 1.08 3y
FRUIT CROPS:
Dates 5,689 0.86 0.81 0.56 0.41 0.15 0.15 0.40 0.71
citrus 13,094 0.78 0.83 0.84 0.84 0.90 .89 0.84 0.84 4)
Grapes 12,008 0.72 0.72 0.18 0.18 0.18 0.18 0.20 0.24
other 454 0.90 0.89 0.18 0.18 0.18 0.18 0.11 0.61 5)
TRUCK CROPS:
Bean 892 0.18 0.23 0.59 1.05 1.15 0.40 0.18 0.18
Broccoli 810 0.18 0.30 0.93 1.05 0.81 0.18 0.18 0.18
Carrots 1,140 0.18 0.19 0.46 0.84 0.93 0.72 D.18 0.18
corn, 8w 4,582 0.18 0.18 0.18 0.18 0.18 0.75 1.14 0.79
Lettuce 2,596 0.19 0.6%9 1.07 1.07 0.18 .18 0.18 0.1B
Ckra 414 0.18 0.18 0.23 0.73 1.14 1.14 0.70 c.18 &)
Onion, dry 588 0.18 0.18 0.22 0.51 0.94 1.17 1.09 1.03
Peppers 1,245 D0.18 0.18 0.15 0.25 0.45 0.80 1.00 1.06
Potatoes B7C 0.18 0.20 0.24 0.43 0.72 1.05 0.86 0.86
Squash 647 0.18 0.18 0.18 0.18 6.18 0.33 0.81 0.21
Watermelon 724 0.18 0.18 0.18 0.18 c.18 0.57 1.08 0.80 7)
Misc. veq. 786 0.18 0.18B 0.15 0.25 0.45 0.80 1.00 1.06 8)
Nursery 790G 0.18 0.49 0.92 0.96 0.96 0.96 0.96 0.96 9)
Other 2,077 .18 0.18 0.15 0.25 0.45 0.80 1.09 1.06 10)
Total 57,298
Total Ac x Kc 35,319 36,053 29,245 30,318 28,808 32,109 35,354 35,512
Average Ko 0.62 0.63 0.51 0.53 0.50 0.56 0.62 0.82

1) Season

2) Milo Kce

3) Pasture Kc

4) Oranges Kc

5} Peaches Kc

§) Soybean Ko

7) Melon Kc

8) Pepper Kc

9} Turf Ke

10} Pepper Kc
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Table 3.

Summary of Day 1,
estimated runoff

following rains for Thermal, California,

Day 2, and Day 3 rains, and
and increased evaporation

1986-92.

Rain Storms

bay 1 bay 2 Day 3 Day 4 Total

Total rainfall, inches 16.3 3.9 0.5 0 20.7
Rainfall events 109 25 5 O 139
Runoff {RO)},inches 1.65 1.0 0.15 G 2.8
Runoff (RO), percent 10 26 30 —r 14
Increased evaporation (E+), inches 10.8
Increased evaporation (E+), percent 52
Total losses (RO + E+), inches 13.86
Total losses {RO + E+), percent 66
Effective rainfall (ER), inches 7.1
Effective rainfall (ER), percent 34

Summary by Months - total, 1986-19%2
Month Rain Runoff E+ RO + EBE+ ER, in. ER, %
January 2.74 0.53 1.11 1.63 1.11 40
February 5.39 1.15 1.83 2.97 2.42 45
March 3.76 0.45 2.55 3.00 0.76 20
April 0.70 .00 0.70 0.7C 0.00 0
May 0.19 ¢.00 0.1% 0.1% 0.00 o
June 0.09 0.00 0.09 0.09 0.00 0
July 0.10 0.00 0.10 0.10 0.00 0
August 0.54 0.00 0.54 0.54 0.60 o
September 0.81 0.00 0.81 0.81 0.00 0
October 2.61 0.37 1.13 1.50 1.11 43
November 1.11 0.04 0.69 0.73 0.38 34
December 2.69 0.28 1.10 1.38 1.31 49
Annual 20.73 2.81 10.83 13.64 7.09
Percent 100 14 52 66 34
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Rainfall-~Irrigation Interaction

In an analysis of factors affecting the ordering of water in the
IID, Gutwein and Lang (1993) showed that rainfall amounts, though
small greatly affected the demand for water. They reported a
sharp drop in water orders following rainfall events. On an
annual basis, water diversions expressed on a depth basis
decreased by a factor of 2.3 times the annual rainfall amount.
Therefore, reduced water orders appear to over~compensate for
rainfall. However, this relationship does not reflect the
decrease in evaporative demand associated with a rainy period.

SUMMARY AND CONCLUSIONS

Most of the rainfall occurred on Day 1 and Day 2 of storm periods
except in December. Most of the rains provided only 0 to 0.2~
inch of rainfall. ©Only a few rains exceeded 0.8-inch in
February.

The estimated total runoff was 2.8 inches for the é-year period
or 14 percent of the total rainfall. The estimated evaporation
of rainfall from that intercepted by crops plus that which wetted
the soil was 52 percent. Except for November, the effective
rainfall ranged from 40 to 50 percent for the period October
through February. It decreased to 20 percent in March. The
average annual effective rainfall was 34 percent of the total.
Rainfall during the summer months is essentially non~effective
because of small amounts and high evaporation rates.
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Effective Rainfall Calculations
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2
3

0 oo~

APPENDEX AZ-A

22-Feb-94 EFFECTIVE RAINFALL - THERMAL, CALIF \CVWD-ER
B C b E F G H I J K L M H
INPUT DATA: For Day 1, assume Condition 1] (average cordition)
For bay 2, assume Condition [l (wet condition)
For Pay 3, assume Condition I11 (wet candition)
soil Type = "b%, very stow infiltration, less than 0.05 in/h when wet.
curve Number {CH):Condition II, row crops, average, = B9 smx = 1.24 in
Condition I, row crops, soils dry = 78 Smx = 2,82 in
condition 111, row crops, soils wet= ] smx = 0.42 in
(Maximum retention, Smx = 1000/CH - 1)
Inter Calculation
period: 1986-92 Storms, inches Days from Day 1 pay 2 pay 3 Dayl! Day2 Day2
Year Mo tray 1 Day 2 Day 3 Day & ptanting Int, in Int, in Int, in Inter lnter Inter
1986 1 0.0 90 0.002 0.00 0.00 0,02 0.00 0.00
1986 1 G.08 90 0.02 ¢.00 0.00 0,89 0.00 0.00
1987 1 0.03 %0 6,01 0.00 0.00 0.04 0.00 0.00
1988 1 0.44 0.52 o0 0.09 G.10 0.00 0.17 0.17 0.80
1988 1 0.30 %0 a.06 0.00 .00 0.15 0.00 0.00
1989 1 0,09 0.59 90 0.02 0.12 0.00 0.0% 0.18 0.00
1990 1 94 0.00 0.00 0.00 6.00 06.00 0.00
1991 1 .26 0.07 0.01 90 0.05 0.01 0.00 0.15 0.08 0.02
1991 1 0.12 G0 0.02 0.00 .00 0.11 0.G0 0.00
1992 1 0.18 20 0.04 0.00 0.00 0.13 0.00 0.0D
1992 1 0.04 90 0.0 0.00 0.00 0.05 0.00 0.00
1986 2 0.52 120 0.10 0.00 0.00 0.23 0.00 0.00
1986 2 1.15 120 0.23 0.00 g.00 0,26 0.0 0.00
1987 4 0.16 0.09 0.02 120 0.03 0.02 0.00 0,16 0.12 0.04
1988 2 0.94 120 0.19 0.00 0.00 0.25 0.C0 0.00
1989 2 0.01 120 0.00 0,00 0.00 0.02 0.00 0.00
1990 2 0.01 120 0.00 0.00 0.00 $.02 0.00 0.00
1991 2 120 0.00 0.00 0.00 0.00 0.00 0.00
1992 2 0.92 0.17 120 g.18 0.03 ¢.00 0.25 0.17 0.00
1992 2 ¢.82 0.14 , 120 0.16 0.03 6.C0 0.25 0.15 0.00
1992 2 0.44 120 0.0% 0.00 0.00 0.22 0.060 0.GO
1986 3 0.19 150 0.04 0.00 0.00 ¢.22 0.00 0.00
19856 3 G.21 150 0,04 0.00 0.00 0.23 0.00 0,00
1987 3 0.18 150 0.04 0.00 0.00 0,21 0.00 0.0D
1988 3 0.c0 150 0.00 6.00 0.00 0.00 0.00 0.00
1989 3 0.03 150 0.0% 0.00 G.00 0,07 0.00 0.00
1990 3 0.00 150 0.00 0.00 0.0 0,00 0.00 0.00
1991 3 G.57 150 o.1n 0.00 0.00 0.29 0.00 0.00
1991 3 0.02 6.21 150 8.00 0.04 0.00 0.05 0.23 0.00
1991 3 0.21 0.46 150 0.04 0.0% 0.00 0.23 0.28 0.00
1992 3 0.72 150 0.14 0.00 D.00 0.30 0.00 0,00
1992 3 0.08 0.04 150 0.02 0.0 0.00 0,14 0.0% 0.00
1992 3 0.27 0.03 150 0.05 0.01 0.00 0.25 0.07 0.00
1992 3 0.49 6.03 150 0.10 0.01 0.00 0,29 0.07 0.00
1952 3 6.0t 0.01 150 0.00 G.00 .00 Q.03 0.03 0.00
1986 & 0.01 180 G.00 6.00 0.00 0.03 0.00 0.00
1987 4 6.00 180 0.00 0.00 p.o0 6,60 0.00 0.00
1988 4 0.17 180 0.03 0.00 o.60 0.25 0.00 0.00
1988 4 0.19 180 0.04 0.00 g.00 0.26 0.00 0.00
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0.00
¢.0
0.00
0.32
0.00
G.Cc0
0.00
0.00
0.02
0.00
0.12
0.05
0.09
¢.00
0.00
a.00
0.0%
0.00
0.00
0.0
0.02
0.03
0.00
6.0%
0.00
0.02
0.01
0.00
0.1
6.39

8.01
6.00
0.01
0.03
0.08
0.00
0.02
0.20
0.05
0.12
0.97
6.00
0.22
0.38
6.01
0.0%
8.74
0.00

0.02
0.00
0.31
0.13

0.02

0.23
0.01

0.34
0.34

0.19
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180
180
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180
210
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210
210
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240
240
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W
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0.00
0.00
¢.ot
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8.00
0.00
0.00
0.00
0.00
0.00
0.02
0.01
0.00
6.00
0.00
0.00
0.02
0.00
0.00
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0.000
0.000
8.000
0.000
0.000
0.000
0.000
0.026

6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
G.00
0.00
6.00
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0.00
0.00

0.000
0.000
6.000
0.000
0.000
0.0060
G.000
0.000
0.000
0.000
.000
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0.00
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6.00
¢.00
0.00
D.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.00
0.00
0.00
0.00

c.o0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.03
a.00
a.31
0.00
0.00
0,00
0.00
0.7
0.0¢
0.25
0.15
0.00
0.00
0.00
0.00
0.25
0.00
¢.00

0.00
¢.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04

.00
0.00
0.00
0.00
0.00
G.00
G.00
0.00
0.00
G.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.c0

0.00
c.o0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2.00
0.00
6.00
8.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.00
0.00
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0.G0
0.00
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110
11
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113
114
115
1é
117
118
119
120
121

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

42
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

1987 11
1987 1
w987 11
a8 M
1989 1%
1990 11
werT N
1992 1%
1986 12
1987 12
1987 12
1988 12
988 12
1989 12
1990 12
1991 12
1991 12
991 12
1992 12
1992 12
992 12
funoff =
Incr Evap =

No. of storms

Total losses
Effective rainfall

MONTHLY SUMMARY: B,E,F,G

R16-26
RE7-36
R37-50
R51-58
R59-66
RET-T3
R74-B1
RE2-88
REP-97
R9B-107
R10B-116
R117-129

Annual
Percent

Jan
feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Hov
Dec

APPENDIX A3-A

0.34
0.46 0.03
0.09 0.02
0.00
8.00
0.01
0.03
0.00
0.05 n.02
0.08
0.54 0.01 0.02
0.01
0.0t
0.00
0.27 .01 0.42
0.19
0.07
0.15 0.29
.19
0.32 0.04
16.30 3.9 .52
storms, inches
Day 1 Day 2 Day 3
1.65 1.02 0.15
109 25 5
P,R,T AA
Rain  Runoff E+
2.7h 0.53 111
5,39 1.15 1.83
3.76 0.45 2.55
8.70 {.00 0.70
0.19 0.00 0.19
g.09 ¢.00 0.09
0.190 0.00 .10
0.54 0.00 0.54
0.81 0.00 0.81
2.61% 0.37 1.13
1.1 .04 0.69
2.69 0.28 1.10
20.73 2.81 10.83
100% 14% S52%
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13.64
52.2%

63,85
34.2%

ER, %
40%
45%
20%

40.4
44.8
20.2
0.0
0.0
0.0
0.0
0.0
0.0
42,6
3419
48.9



APPENDIX A3-A

22-Feb-94 EFFECTIVE RAINFALL - YHERMAL, CALIF \CVWD-ER ROM
__________ == 32

o P Q R $ T U v W X Y Z AA 3
Page 118, ASCE Man. 70: Incr E = 0.3501.5 + TdII(K} - Kc) ETol 4

Td = 7 days for clay lLoams soils 5

Pot E+ = 0.3518.5]1 [(K1 -~ Ke)ETol &

Limit = E+ (P - RO)/{0.35(8.5)(K1 - Kc)ETa) 7

Kt = 1.2 8

Runcff calculations Kon-beneficial evaporation calculations 9
------------------------- e e b e R L Lt L T T T iy Sy 10
Day 1 pay 2 bay 3 increased evaporation after rains i

TTmrme sessssssesSssmssermosts romessencs TeTT o memmesrreeeeenes Sesmmessmmme—————— 12
Run off, inches Run off, inches Run off, inches ETo Avg ET P - RO Pot E+ Limit  Actual 13
Threshold Amount Threshold AmountThreshold Amount In/d Ke in. In. 1n. In. E+ Ko 14
............. AR AR R A R b e e L L AR R I L PR TR 11
0,247 0 6.083 ¢ o.083 o 0.079 6.50 0.040 0.010 0.165 0.010 0.010 1 16
0.247 0 0.083 ¢ o.083 o 0.079 6.590 0.040 0.086 0.165 G.089 0.080 117
0.247 0 0.083 ¢ 0.083 0 6.07% 0.50 0.040 0.030 0.165 0.030 0.030 1 18
0.247 0.026 0.083 0.223 0.083 ¢ 0.079 0.50 0.040 0.7 0.165 6.7 0.165 119
0,247 0 0.083 o 6.083 0 6.079 6.50 0.040 0.300 0.165 G.300 0.165 1 20
0.247 i} 0.083 0.278 0.083 o G.079 6.50 0.040 0.402 0,145 6.402 0.165 T2
0.247 o 0.083 o 0.083 o 0.07% 6.50 0.040 0.000 0.1&5 ¢.coo 0.000 1 2
0.247 o 0.083 H 0.583 o 0.07% 0.50 0.040 0.340 0.165 0.340 0.165 1 23
G.247 0 0.083 o 6.083 0 0.079 0.50 0.040 0.120 0.145 0.120 0.120 1 2
0.247 0 0.083 it 0.083 0 0.07% 0.50 0.040 0.180 0,165 0.180 0.165 1 25
0.247 0 0.083 0 0.983 o 0.079 0.50 0.040 0.040 0.165 0.040 0,040 1 26
0.247 0,049 0.083 0 6.083 0 0.136 0.56 0.076 0.471 0.258 0.471 0.258 2 27
0.247 0.381 0.083 o c.o83 0 0.135 0.56 0.076 0.76% 0.258 0.769 0.258 2 28
0.247 0 0.083 0 6.083 8 0.136 0.56 0.076 0.270 0.258 0.270 0.258 2 29
0.247 0.249 0.083 o c.oa3 ] 0.136 0.56 0.076 0.691 0.258 0.691 0.238 2 30
0.247 0 0.083 it 0.083 0 0.136 0.56 0.076 0.010 0.258 0.010 o.010 2 3
0.247 0 0.083 0 0.083 o 0.136 0.56 0.076 0.010 0.258 6.010 0.070 2 32
0.247 0 0.083 it 0.083 0 0.136 0.56 0.076 0.0060 0.258 0.000 0.000 2 33
0.247 0.237 0.083 0.0135 0.083 0 0.136 0.56 0.076 0.838 0.258 0.838 0.258 2 34
0.247 0.181 0,083 0.007  0.083 0 0.136 0.56 0.076 0.772 0.258 g.72 0.258 2 35
0.247 0.026 0.083 0.000 0.083 0 0.13¢6 0.56 0.076 0.414 0.258 0.414 0.258 2 36
0,247 0 0.083 0 0.083 0 0.189 0.62 0.7 0.190 0.326 0.190 0.190 3 37
0.247 0 0.083 0 0.083 0 0.189 0.62 0.117 G.210 0.326 0.210 0.210 3 3
0.247 i 0.083 0  0.083 o 0.189 0.62 0.117 ¢.180 0.326 0.180 0.180 3 39
D.247 0 0.083 0 0.083 ¢ 0.189 0.62 .1%7 ¢.000 0.326 0.000 6.000 3 40
0.247 0 0.083 0 0.083 o 0.189 0.62 c.117 0.030 0.326 0.030 0.030 3 41
0.247 ¢ 0,083 0 0.083 0 0.189 6.62 6.117 0.000 0.326 0.000 0.000 3 42
0.247 0,067  0.083 0 g.083 i} 0.189 0.62 6. 117 0.503 0.326 0.503 9.326 3 43
0.247 o ¢.083 0.030 0.083 0 0.18% 8.62 6.117 0,200 0.326 0.200 0.200 3 A4
G.247 0 0.083 0.17%  0.083 o ¢.189 0.62 .17 0.491 0.326 0.491 t.326 3 45
0.247 0.13 0.083 o 0.083 it 0.189 0.62 0.117 0.389 0.326 0.589 0.326 3 4b
0.247 0 0.083 ¢ 0,083 6 0.189 0.62 0.117 0.120 0.326 0.120 0.120 347
0.247 0 0.083 o 0.083 ¢ 0.189% 6.62 0.117 ¢.300 0.326 0.300 0,300 3 48
0.247 0.040 6.083 ¢ ¢.083 o 0.189 c.62 0.117 ¢.480 0.326 0.480 0.326 3 49
8.247 0 0.083 Y 6.083 0 0.189 G.62 0.117 ¢.020 0.326 0.020 0.020 3 50
0.247 0 0.083 0 0.083 0 0.245 b.62 0,153 0.010 0.425 0.010 0.010 4 5
0.247 o 0.083 0 0.083 3 0.246 0.42 0.153 0.000 0.425 0.000 0.000 4 52
0.247 0 0.083 o 0.083 0 0.246 0.62 0.153 0.170 0.425 0.170 0.170 4 53
0.247 0 0.083 0 0.083 0 0.246 9.62 0.153 0.1%0 0.425 0.1%0 0.190 & 54
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0.247 0.006  0.083 0 0.083 o 0.101  8.51 0.051 0.33%  0.207 0.33%  0.207 11 109
0.247 0.031 0,083 ¢ 0.083 0 0,101 0,51 0.051 0,459  0.207  0.459  0.207 11 110
0.247 0 0.083 o 0.083 0 0,101 0.5 0.051  0.110  0.207  0.110  0.110 11 111
0.247 0 0.083 6 0.083 ¢ 0,101 0,51 0.051 0.000 0.207 0.000 0.000 11 112
0.247 0 0.083 0 0.083 ¢ 0,101 06,51 0.051 ©0.000 0.207 0.000 0.000 11 113
0.247 o 0.083 G 0.083 & 0.101  ©.51  0.051 0.010 0.207 0.010  0.010 1% 114
0.247 0 0.083 0 0.083 0 0,101 6,51 0.051 0.030  0.207 0.030  0.030 11 115
0.247 0 0.083 0 0.083 ¢ 0.101  0.51 0.051 0.000 0,207 0,000 0.000 11 116
0.247 0  0.083 0 0.083 o 0.072  0.53 0,038 0.070 0,143 0,070 0.070 12 117
0.247 ¢ 0.083 o 0.083 0 0.072  0.53 0.038 0,080 0.143 0,080 0.080 12 118
0.247 0.056  0.083 0 0.083 0 0.072 0,53  0.033 0.5% 0.143 0,51  0.143 12 119
0.247 6 0,083 0 0.083 0 0.072  0.53 0.038  0.010  0.143  0.010  0.010 12 120
0.247 0 0.083 g 0.083 0 0.072  0.53 0.038  0.010 0,143  0.010 0.010 12 121
0.247 o 0,083 0 0.083 0 0.072  0.53 0.038 0.000 0,943 0,000 0.000 12 122
0,247 0 0,083 0 0.083 0 0.072  0.53 ©.038 0.000 0.3 0,000 0.000 12 123
0.267 0  0.083 0 0.083 0,150 0.072  0.55 0.038 0,550 0.143  0.550  0.143 12 124
0.247 0 0.083 0  0.083 0 0.072  0.53 0.038  0.150 0.143 0,190  0.143 12 125
0.247 0  0.083 0  0.083 0 0.072  0.53 0.038 0,070 0.143  0.070  0.070 12 126
0.247 0  0.083 0.069  0.083 ¢ 0.072  0.53 0.038  0.371  0.1%3  0.371  0.143 12 127
0,247 0 0.083 0 0,083 0 0,072  0.53  0.038 0,190  0.143  0.190  0.143 12 128
0.247 0.004  0.083 0 0.083 0 0.072  0.53  0.038 0,356  0.143  0.356  0.143 12 129
.......... et T [T SRS ¥ 7,

1.65 1.02 0.15 10.83 131
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APPENDIX 4

EVALUATING REFERENCE EVAPOTRANSPIRATION ESTIMATES FOR IID
by
Marvin E. Jensen
12 Oct 93

INTRODUCTTION

During the Technical Work Group (TWG) discussions on 15 September
1993, we discussed the 20 percent decrease in estimated grass
reference evapotranspiration (ET,) from 1987 to 1992 (from 82.8
inches to 65.8 inches). Such a large magnitude of change is very
unusual for an arid environment where the main diving force
(solar radiation) is expected to remain relatively constant
during the é-year period. Although CIMIS ET, values can be used
directly for estimating evaporative demand and crop ET, accurate
climatological data are needed for confirming ET values and
estimating crop ET where crop coefficients are related to
climate, or crop growth models require weather data input.
Likewise, estimates of evaporation from water surfaces require
either a modified Penman-Monteith equation or a calibration of
evaporation v. ET,. These estimates are needed to provide
alternative estimates of on-farm irrigation efficiencies.

Disk file copies (UPDATE.DBF and UPDATEl.DBF) of CIMIS data used
in preparing the summary data in the Boyle/Styles (1993) report
were provided by Charles Burt. UPDATEl.DBF contains data for
only the three CIMIS sites 41 (Mulberry), 68 (Seeley) and 87
(Meloland). The purpose of reviewing CIMIS evaporation (ET,) and
weather data was to evaluate possible changes in the sensors,
particularly the solar radiation sensor, during the 6-year period
that may have caused part of the large decrease in evaporative
demand.

PROBABLE CAUSES OF ERRORS IN THE DATA

Mean monthly CIMIS solar radiation values from the CIMIS Station
41 (Mulberry) file were first compared with values shown on pages
A-52 and A-53 from the Boyle/Styles report (Styles, 1993).
Significant differences were found beginning in September 1987.
Differences became more freguent from 1990 through 19%52.
Therefore, in order to evaluate ET, estimates using mean monthly
data, it was first necessary to evaluate the accuracy of all of
the mean monthly values shown in the tables for the three sites
for which an analysis was desired (CIMIS Station 41, Mulberry;
CIMIS Station 68, Seeley; and CIMIS station 87, Meloland).

The CIMIS data file contains values with various flags noted on

some data. I contacted and obtained a listing of the flags used
in CIMIS from Rick Snyder, University of California/Davis.
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However, some of the flags in the data file were not the same as
those in the original CIMIS files.

For CIMIS Station 41, it soon became apparent that the solar
radiation values shown on pages A-52 to A-53 were averages for
each month using all of the data. However, whenever there
apparently was an instrument problem, a Wzero' appeared in the
daily data with a "C" flag. Other flags in the solar radiation
data were H and Y. The H-flag was used when one or more hourly
values was severe. The Y-flag was not explained for solar
radiation, but for other variables it is used when the value is
outside of a specific range. Thus, it became apparent that an
independent evaluation of mean monthly ET, estimates could not be
made without first evaluating all of the mean monthly input data.
gince the mean monthly values contained averaging errors, the
values obtained with Pruitt’s spreadsheet program cannot be
compared directly either CIMIS ET, values or my estimates of ET,.

PROCEDURES
fvaluating Mean Monthly Weather Data

Daily data for each of the three CIMIS stations (CIMIS~41, CIMIS-
68, and CIMIS 87) corresponding to the sites used in the
Boyle/Styles report were used. Data for each of the main weather
variables, solar radiation, maximum and minimum air temperatures,
dewpoint temperature and wind run in the UPDATELl.DBF file were
first exported to a WK1l file for each of the three stations.

Mean monthly values of the variables of interest were then
obtained by "excluding" all daily values that were zero. In the
case of dewpoint, there were also some large negative values with
an "L" flag which were also excluded. Values with other flags
were included if they appeared reasonable.

Estimating Reference ET

After cleaning up the data from the UPDATEL.DBF file, a
spreadsheet program was set up to estimate mean monthly reference
evapotranspiration values using the Penman (1963) and Penman-
Monteith (P-M) method (Smith, 19%1). The same estimate of net
radiation was used with both methods. Therefore, the main
differences between these two methods were the procedures used to
estimate vapor pressure deficit, the aerodynamic component and
the weighting of the radiation and aerodynamic terms of the
combination equation. The equations used are summarized in
Appendix A. The two methods are explained in ASCE Manual 70
Jensen et al., 1990) with recent modifications of the P-M method
summarized by Smith (1991).
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vapor Pressure Deficit. The calculated vapor pressure deficit
used in the Penman (1963) method was based on the difference
between the saturation vapor pressure at mean air temperature and
saturation vapor pressure at dewpoint temperature. The P-M
method uses the difference between mean of the saturation vapor
pressure at maximum and minimum air temperatures and saturation
vapor pressure at dewpoint temperature.

Wind Function. The Penman (1963) method uses a linear wind
function W, = 1.0 + 0.536 u2 where u2 the mean wind speed at a
height of 2 meters in m/s, or W; = 1.0 + 0.01 u2 where u2 is the
daily wind run at a height of 2 meters in miles per day. The P-M
method uses an aercdynamic wind function that is related to the
heights of temperature, humidity and wind speed measurements, the
height of the reference crop and its leaf-area-index, canopy
resistance and surface roughness. Therefore, P-M estimates can
pe adjusted for specific weather instruments and site conditions.

Relative Cloud Cover or Percent of Possible Sunshine

Cloud cover or percent of possible sunshine is not a CIMIS
variable, but is needed in estimating net radiation. Daily
extraterrestrial solar radiation (R,) was first calculated for
latitude 33 degrees N using equations from the Insolation Data
Manual (Sclar Energy Research Institute, 1980). A solar constant
of 0.082 megajoules per sguare meter per minute (MJ/ (m® min) or
1.96 langleys per minute was used.

The ratic of clear day solar radiationm (R,) to extraterrestrial
solar radiation, R,/R,, varies during the year because of changes
in the declination of the sun. A functional relationship between
R,, and R, was developed by selecting high daily values of solar
radiation near the middle of each month from the CIMIS data sets
and relating these to R,. The resulting equation for IID is
given in Appendix A.

Mean Daily Albedo

Mean daily albedo also changes with solar declination or zenith
angle. Hourly albedc values have been developed as a function of
latitude (Dong et al., 1992). However, a mean daily functional
relationship between albedo and latitude remains to be developed.
Therefore, ] modified the albedo function developed by Wright
(ASCE Manual p. 137) to obtain a functional relationship
applicable throughout the year. The resulting equation is in
Appendix A.
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POSSIBLE CAUSES LARGE DECREASES IN ANNUAL REFERENCE ET
Major Variables

golar radiation is the main energy input affecting the
evaporative demand during the year. 1If sensor calibrations
drifted over the six-year period, then a calculated decrease in
reference ET might be caused partly by instrument error. The
other two main variables affecting estimated reference ET are
humidity, as indicated by dewpoint, and wind speed as indicated
by total daily wind run.

Indirect Rainfall Effects

A significant increase in annual rainfall occurred during the
last two years of the six-year period as shown in Table 1. Very
low rainfall in 1989 could be expected to slightly increase mean
annual solar radiation with a corresponding decrease in mean
annual humidity (dewpoint). Similarly, the unusually high
rainfall in 1991, and especially in 1992, would have opposite
effects lowering the evaporative demand in 1991 and 1992.

Table 1. Summary of rainfall recorded at CIMIS Stations 41, 68

and 87.
Year station 41 Station 6B Station B87 Average

Inches Percent Inches Percent Inches Percent Inches
1987 3.5l 82 - - - - - 3.51
1488 3.30 77 3.l10 15 - - 3.20
1989 2.11 49 2.86 69 - - - 2.49
1990 2.36 55 1.52 37 2.95 66 2.28
1991 6.34 147 5.94 144 .31 14 5,20
1992 8.19 190 7.27 176 T.24 161 7.57
Average 4.30 100 4.4 100 4.50 100 4.04
Avg., %0-~92 5.63 131 4.91 119 4.50 100 5.01
Percent of 1987~18352 average 124%




Most of the rainfall occurs during the October-March period. The
annual rainfall during the six-year period for the three CIMIS
sites is shown in Figure 1. The relative effects of increased
rainfall and associated cloudiness on solar radxatlon, dewpoint
temperature and wind speed for the CIMIS 41 station is shown in
Figure 2. Mean annual solar radiation remained falrly constant
from 1987 through 1990, but decreased $1gn1f1cant1y in 1991 and
1992, Likewise, mean wind speed decreased greatly in 1891 and
1992. Mean annual dewpoint temperature increased in 1991 and
1992. The climatic conditions in 1991 and 1992 would decrease
estimated reference ET from the long-term average. Clearly,
rainfall, though very limited, has 51gn1flcant effects on the
varlables affecting the evaporative demand in the Imperial
Irrigation District.

RESULTS OF ANALYSES
Corrected Mean Climate Data

The mean monthly data for CIMIS Station 41 shown on pages A-52
and A-53 of the Boyle/Styles report are generally low starting in
1988 when instrument problems apparently resulted in "zeros" in
the CIMIS data file. The relative magnitudes of these effects
for Station 41 are illustrated in Fig. 3. Most of the mean
monthly climatic variables were 4 to 6 percent low. Smaller
effects existed for CIMIS Station 68 and especially Station 87
with only three years of data. Apparently, these stations were
newer and had fewer instrument problens.

A summary of the data from the data file UPDATEL.DBF relative to
that reported on pages A-52 to A~53 for Station 41 and on page A-
49 for Station 87 is presented in Appendix B. Values for Station
68 were not available in the Styles report for comparison
although they could have been generated by including all values
in calculated monthly means.

Decreasing Annual Reference ET

After correcting mean monthly climate data, the estimates of
annual ET for CIMIS Stations 41, 68 and 87 using the Penman-—
Monteith and Penman (1963) equations showed a general downward
trend similar to that obtained from the CIMIS ET, data are
illustrated in Figures 4-6.
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DATA FROM PAGES A-52 & A-53

Styles (1983) CIMIS Station 41
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Figure 3. Relative effects of including "zeros" when computing
1987-1992 mean monthly climatic data for CIMIS Station
41 (Mulberry) reported on pages A-52 and A-53 of the
Boyle/Styles report (Styles, 1993).
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REFERENCE ET EVALUATIONS - CIMIS 41

Mulberry Site
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0 CIMIS (Styles) +  Penman-Monteith o Penman {1963}

Figure 4. Conmparison of annual reference ET for CIMIS Station 41
(Mulberry), computed with the Penman-Monteith and
Penman (1963) equations with CIMIS values.
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REFERENCE ET EVALUATIONS - CIMIS 68

Seeloy Site
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Figure 5. Comparison of annual reference ET for CIMIS Station 68
(Seeley) computed with the Penman-Monteith and Penman
(1963) equations with CIMIS values.
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REFERENCE ET EVALUATIONS - CIMIS 87

Meloland Site
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Figure 6. Comparison of annual reference ET for CIMIS Station 87
(Meloland) computed with the Penman-Monteith and Penman
(1963) equations with CIMIS values.
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Monthly Reference ET

comparisons of estimated mean monthly reference ET values using
the P-M and Penman (1963) equations with CIMIS values are shown
in Figures 7-9 for the period 1990-1992. The three-year period,
1990~1992, is used because data from all three sites were
available for this period. Clearly, the estimates using the
combination equations and my procedures exceed CIMIS values from
May through October. The estimates were made using average
monthly data while the CIMIS values are averages of daily values
which in turn are based on hourly totals.

The main effect of the differences in mean monthly estimates
appear to reflect the lag in temperature from solar radiation.
The largest differences occurred at CIMIS Station 68 (Meloland)
as shown in Fig. 9. This site currently is in alfalfa which
would have higher humidity and lower wind speeds at instrument
height than at grass sites. A first adjustment in the P-M method
would be to change the crop height and aerodynamic roughness over
which the measurements are made relative to the other two sites.

Differences Between CIMIS and P-M Values

A comparison of mean monthly reference ET estimates using the P-M
equation and mean monthly climatic data averaged for the three
stations with CIMIS values is shown in Fig. 10. The Penman-~
Monteith and Penman (1963) egquations used with mean monthly
climatic data were consistently about 8 to 9 percent higher than
+he CIMIS values. It would be fairly simple to modify the P-M
equation for mean monthly estimates using mean monthly weather
input data to more closely match the CIMIS values at each site.
The first general adjustments might be to use the vapor pressure
deficit based on mean air temperature, or to increase the canopy
resistance for the reference crop. A summary of annual values is
shown in Appendix A.

pifferences Between CIMIS Bites

A comparison of differences between CIMIS sites is shown in Fig.
11 using the CIMIS data and in Fig. 12 using the P-M equation.
Clearly, the reference ET values at CIMIS site 68 is higher from
March through June than at the other two sites. Site 68, Seeley,
is on the west side of the valley and the higher early season
values probably reflect the drier air flow from the west.
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REFERENCE ET EVALUATIONS - CIMIS 41

Mulberry Site
1]

1o N
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0 i | | I i i ! | | ! I i
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o CIMIS + Penman-Monteith ¢ Penman (1963)

Figure 7. Comparison of mean monthly reference ET for CIMIS
Station 41 (Mulberry) computed with the Penman-~Monteith
and Penman (1963) equations with CIMIS values for the
period 1990-1992,
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REFERENCE ET EVALUATIONS - CIMIS 68

Sealey Sits
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Figure 8. Comparison of mean monthly reference ET for CIMIS
Station 68 (Seeley) computed with the Penman-Monteith
and Penman (1963) equations with CIMIS values for the
period 1890-1992.
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REFERENCE ET EVALUATIONS - CIMIS 87

Meloland Sile
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Figure 9. ccmpgriscn of mean monthly reference ET for CIMIS
gtation 87 (Meloland) computed with the Penman-Monteith

and Penman (1963) equations with CIMIS values for the
period 1990-1992.
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COMPARISON OF CIMIS SITES - ETo IID

Sites 41, 6B and 87
i

ETo. Inches

i | f ; L | | | | i s |
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0 Average, CIMIS +  Average, P-M

Figure 10. Compariscon of mean reference ET estimates for the
three CIMIS stations computed with the Penman—ljlonte:ﬁ.th
equation with average CIMIS values for the period 1990-
1992.
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COMPARISON OF CIMIS SITES - ETo IID

Sites 41, 68 and 87
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Figure 11. comparison of mean monthly reference ET at the three
sites as indicated by CIMIS values.
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COMPARISON OF CIMIS SITES - ETo [ID

Sites 41, 6B and 87
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Figure 12. Comparison of mean monthly reference ET at the three
sites as indicated by P-M values.
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SUMMARY AND CONCLUSIONS

Mean monthly climatic variables from CIMIS files that are
computed without deleting zeros and negative values may have
significant errors. The resulting mean values may be
significantly lower than means that exclude the zero or negative
data. However, CIMIS evaporation (ET,) are complete because they
include estimates for days when climatic data are missing.

Above normal rainfall in 1991 and 1992 in the IID significantly
lowered mean annual solar radiation, increased mean annual
dewpoint temperature and decreased mean annual wind speed.
Changes in these climatic variables significantly affected
estimates of annual reference ET based on the Penman-Monteith angd
Penman (1963) equations.

A spreadsheet program was developed to estimate reference ET for
three IID CIMIS sites using the Penman-Monteith and Penman (1963)
combination eguations and mean monthly climatic data. When
comparing estimates for 1990-1992, when data were available for
all three sites, the resulting annual estimates of reference ET
with the Penman-Monteith and Penman (1963) equations using mean
monthly climatic data were consistently about 8~9 percent higher
than the CIMIS values. Estimates using hourly or daily climatic
data are expected to be closer to CIMIS values because non-linear
relationships are involved and mean monthly weather data do
result in exactly mean monthly reference ET estimates. More
important, the equations used to calculate hourly CIMIS reference
ET values were calibrated in California. Therefore, CIMIS ET,
values are recommended for reference ET.
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APPENDIX A4-A

EQUATIONS USED TO ESTIMATE REFERENCE ET

Net Radiation

R,= {1 -a)R, - Ry (A-1)

11

where R, is net radiation, MJ/(m? day), « = albedo, and R, = net
long-wave radiation, MJ/(m® day).

Net Long-Wave Radiation

R, = (a Ze b}Rbo (A-2)

80

where R, is net long~wave radiation, MJ/(m? day),R, = measured
solar radiation, R,, = clear-day solar radiation, and for these
estimates, a = 1.126 and b = ~0.07. Net long-wave radiation on a
clear day, R,, was calculated as follows:

4.90 (Ti + T A-3
R, = (a; + b, [&)) = d 5 (2-3)

where a, = 0.26 + 0.1 exp{~[0.0154(CD - 177)1%*}, CD = calendar day
(1~365), and b; = ~0.139 for e, in kPa.

Albedo

& =0.23 + 0.06[1 - COS(Z;;ED - 2.96)] (A-4)

where a is albedo and CD = calendar day. Egq. A-4 is essentially
the same as that of Wright, page 137, ASCE Manual 70.

Clear-Day Solar Radiation

R,, = R, [0.725 + 0.025cos (252 - 2,6)] (A-5)

365

where R,, is clear-day solar radiation, R, = extraterrestrial
solar radiation and CD = the calendar day. Eg. A-5 was based on
observed high values of solar radiation from CIMIS data and
calculated daily R, values. The range in atmospheric
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transmissibility ranges from 0.69 in December-January to 0.75 in
June-July. FAO uses a constant of 0.75 for R,/R, (Smith, 1991).

Penman (1963) Equation

A

MET, = s

(R, - G) + ..5,.1_;?5.43 Wele, - e,) (A-6)

where AET, is the latent heat energy in MJ/(m® day), A = the
latent heat of vaporization at mean air temperature, A = the
slope of the saturation vapor pressure-temperature curve at mean
air temperature, y = the psychrometric constant that is a
function of the specific heat of moist air, atmospheric pressure
and latent heat of vaporization, R, = net radiation, G = soil
heat flux, W; = 1 + 0.536 u,, W, = mean daily wind speed in m/s, e,
= saturation vapor pressure at mean air temperature, and e; =
saturation vapor pressure at dewpoint temperature. G, which
would be very small for monthly estimates, was assumed to be
zero. Equation 7.13 in Manual 70 was used for 4, 7.15 for v, and
a slight modification of Eq. 7.1l was used for e, and e; (Smith,
1991). ET, in depth units is obtained by dividing by the latent
heat of vaporization per unit depth.

Penman-Monteith Equation

AET, = 'Z’%’"ﬂ? (R, = 6) + < jY*pe'szlas,g‘ooM (A~7)

where p = the density of moist air, kg/m’, P = atmospheric
pressure, kPa, vy* = y(1 + r/r,), r. = canopy resistance, and r, =
aerodynamic resistance in s/m. The other variables are the same
as in Penman’s equation except e, is the mean of the saturation
vapor pressure at maximum and minimum air temperatures. The
aerodynamic resistance is based on the heights of air
temperature, humidity and wind speed measurements as follows
(Allen et al., 1989):

{2

*u
where r, has units of s/m, 2z, is the height of wind measurement,
z, is the height of air temperature and humidity measurements, d
is the zero displacement height above the surface, z, is the
roughness length parameter for momentum transfer (m), and 2z, is
roughness length of the vegetation for vapor and heat transfer, X

Lo =

z
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= the von Karman constant (0.41), and u, is the mean wind speed

in m/s at height z. A simplified version of Eg. A-7 for either

grass or alfalfa reference Crop is presented as Eg. 19 and 20 by
Allen et al. (1988).

A printout of the equations as used in the spreadsheet is shown
on page A4-4.
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EQUATIONS USED IN THE SPREADSHEET

ETo, CIMIS-41

A9 [W4) +A1B+Y

B19: [W10] 1987

Ci9: [W4l 1

D19: [WS) 15

E19: (F2) W71 19.55B78057

F19: {FO) TW7) +E19/0.0418468

G19: (F2) W7l +E19%(0.725+0.025*aC05(2*API*B19/365-2.6))
Ri9: (FO) W71 +G19/0.041848

119: (FO)} W7} 296.6

$19: (F2) (W71 D.041B6B*119

X19: (F2) IW7) +119/HI?

L19: (F1) [W7) 69.322580645

K19: (F1) [W71 (+.19-32)/1.8

W19: (F1) [W71 34.9354B3879

DI (F1) [W71 (+N19-32)/1.8

P19: (F1) IW71 32.3B87096774

Q19: (F1) IN71 (+P19-32)/1.8

E9B: (F1) [W7] 0.5%(N19+019)

£98: (F3) W71 (0.6T1%EXP(17.27*M19/ (M19+237.3))+0.611%3EXP (17.274019/(019+237.3)))/2
G98: (F3) [W7] Q.611*AEXP(17.27*R19/(Q19+237.3))

H98: (F3) [W71 LO98* (0.6 1*AEXNP (17 . 2T*EYB/ (EFB+237.3)))/{EFB+237.3) 2
198: (F2) [W7] 2.501-(2.361%10"-3)*E98

J9B: (F3) IN71 (1.013%3KK85/¢0.422%198))*10*-3

K78: (F3) IWT7] +H9B/(HOB+J98)

L98: (F3) [W7D 0.23+0.06%(1-DC0S(2*2P1*D19/365-2.96))
K9B: (F2) [WT7} (1-L9B)*d19

¥98: (F3) (W7 0.26+0.1%2EXP(-(D.0154%(D19430-207)3"2)
O98: (F2) IM7] (NGB-0.139*GFR0.5)%4. F*((MIF+273.2) 4+ (D194273.2)°4)/ (2*10"D)
PO8: (F2) W7 (1.126%*K19-0.07)*0%8

Q98: (F2) (W71 +M78-P98

£179: W71

F179: (F3) [M73 0.611*REXP(17.27*EG8/(EPB+237.3))

G179: (F2) (W7} +K5B*Q98

HIT9: {F2) [W7] (1-KGBY*6.43%(1+0,536*519)* (F179-698)
1179: (F2) W7} +G179+HITY

J179: (F2) [W71 411797198

K179: (F2) [W71 +E179%3179/25.4

LI79: (F3) INT1 (1+(SGS11/5NSD)*S19)*J98

Ki79: (F3) [M7) +H9B/(HIB+LITY)

HI79: (F2) [W7) +M1T9*Q58

0179: W71 +I9B/(HPB+LITY)

PI79: (F2) [HT] +0179*((1B537D/SNSP)* 198/ (EYB+273.2))*S19%(F78-G78)
Q179: (F2) DNT1 +H1T9+P1T79

RIT9: (F2) [W6} +Q179/198

§179: (F2) [WA1 +E179*RITF/25.4
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APPENDIX A4-B

Summary of CIMIS data for three sites in the Imperial
Irrigation District showing the differences in mean monthly
climatic data between the CIMIS files after deleting zeros
with the mean values reported by Styles (4 pages).

Relationship between clear-~day solar radiation and
extraterrestrial solar radiation as indicated by mean
observed values and as represented by Eg. A-5.

FEstimated albedo used in estimating daily net radiation
based on the data of Wright, ASCE Manual 70, page 137.

Tabular summary of annual reference ET values as indicated
by CIMIS and by the Penman-Monteith and Penman (1963)
estimating methods (1 page).

Tabular summary of mean monthly reference ET values as
indicated by CIMIS and by the Penman-Monteith and Penman
(1963) estimating methods.

Copies of the spreadsheet results for one of three sites,
CIMIS 41, (6 pages).
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IID CIMIS DATA

22-Feb~54 SUMMARY OF IID CIMIS DATA \IID=-SUM

EVAPORATION (ETo) DATA FROM CIMIS/STYLES FILES, STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS #41, Evap, in/day
(Values from Styles Digk)

Year 1987 1988 1989 1990 1991 1992 Avg
Average 0.228 0.212 0.208 0.197 0.185 0.180 0.201
Apr-Sep values 0.323 0.277 0.28% 0.274 0.257 0.255 0.279
Annual total, in. 82.58 77.4 74.8 72.0 67.6 65.6 73.3
(Styles, 1993; p. A-52 - AR3)
Month 1987 1588 1989 1990 1891 1992 Avg
Average 6.90 6.48 6.26 6.01 5.65 5.48 6.13
Apr-Sep values 0.323 0.276 0.290 0.274 0.258 0.254 0.279
Annual total, in. g2.8 T77.7 75.1 72.1 67.8 65.8 73.6

SOLAR RADIATION FROM CIMIS/STYLES FILES, STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS #41, ly/day
{(Values from Styles’ Disk)

Year 1987 1988 1989 1990 1991 1992 Avg
Average 501.4 500.4 5098.3 497.5 480.1 471.9 493.4
Average, Apr-Sep 645.0 629.2 643.6 632.3 627.8 607.4 €30.9
(Styles, 1993; p. A-52 - AB3)
Year 1987 1988 1589 1990 1991 1992 Avg
Average 494.2 475.3 4959.9 450.5 460.3 444.1 470.7
Average, Apr-sep 638.7 589.0 643.6 560.5 605.3 560.2 599.5
Ratios (Styles/Actual)

Average 0.9886 0.950 0.982 0.905 0.959 0.941 0.954
Average, Apr-Sep 0.980 0.936 1.000 0.886 0.564 0.922 0.950

MAXIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS #41, Maximum Temp, F
(Values from Styles’ Disk)

Year 1987 1988 1989 19%0 1991 1892 Avg

Average 88.1 88.9 90.4 B7.5 B85.9 86.9 87.9
{Styleas, 1993; p. A-B2 - AL3)

Average 86.1 85.3 87.8 82.7 B2.8 82.7 B4.6

Ratios (Styles/Actual)
0.977 0.959 0.971 0.%94¢6 0.964 0.951 0.961

MINIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS #41, Minimum Temp, F

(Values from Styles‘ Disk) Year
Year 1987 1g88 1989 1890 1991 1992 Avg
Average 53.7 53.2 52.7 53.1 54.1 55.8 53.8
{Styles, 1993; p. A~52 -~ AE3)
Average 52.3 51.0 51.4 50.1 52.3 53.1 51.7
Ratios (Styles/hctual)
Average 0.975 D.959 0.975 0.943 0.966 0.951 0.981
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IID CIMIS DATA

DEWPOINT TEMPERATURE FROM CIMIS/STYLES, STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS #41, Dewpolint, F
{Values from Styles’ Disk)

Year 1987 1988 1989 1880 1991 1992 Avg
Average 45.0 47.0 44.8 46.7 49.5 52.7 47.6
(Styles, 1993; p. A-52 ~ AR3)
Average 44.0 45.2 43.4 43.8 47.1 50.2 45.6
ratios (Styles/aActual)
Average 0.%80 0.962 0.971 0.937 0.952 0.9%52 0.9%9

WIND RUN FROM CIMIS/STYLES STATION 41, Mulberry:
SUMMARY BY YEARS - CIMIS #41, Wind run, mi/day
{Values from Styles’ Disk)

Year 1987 1988 1989 1990 1991 1892 Avyg
Average 125.5 125.5 122.4 121.1 120.0 110.0 120.7
{Styles, 1983; p. A~B2 - AB3)
Average 124.0 120.4 120.4 115.6 115.5 105.4 116.9
Ratios (Styles/Actual)
Average 0.988 0.959 0.983 0.955 0.963 0.958 0.968

o kS - S0 T ——— - . - v o—

EVAPORATION (ETo) DATA FROM CIMIS/STYLES FILES, STATION 68, Seeley:
(Tabular values not available in Styles, 1993)
SUMMARY BY YEARS -~ CIMIS #68, Evap, in/day
{(Valuesg from Styles’ Disk)

Year 1987 1988 1989 1990 1991 1992 Avg
Average 0.225 0.231 0.211 0.190 0.186 0.209
Avg, Apr-Sep 0.297 0.317 0.291 0.267 0.265 C.287

SOLAR RADIATION FROM CIMIS/STYLES FILES, STATION 68, Seeley:
SUMMARY BY YEARS — CIMIS #68, Rs, ly/day

{Valueg from Styles’ Disk) Year
Year 1987 1988 1989 1930 1891 1992 Avg
Average 517.9 511.6 500.1 493.8 492.0 503.1
Avg, Apr-Sep 646.8 643.2 627.5 633.2 631.2 636.4

MAXIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 68, Seeley:
SUMMARY BY YEARS - CIMIS #68, Maximum Temp, F
(Values from Styles’ Disk)

Year 1987 1988 1989 1890 1991 1992 Avyg
Average 88.7 89.9 88.0 86.0 86.6 87.8
Avg, Apr-Sep 98.4 100.2 98,5 95.7 98.5 98.2

MINIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 68, Seeley:
SUMMARY BY YEARS - CIMIS #68, Minimum Temp, F
{(Values from Styles’ Disk)

Year 1987 1988 1989 1890 1961 1992 hvg
Average 54.4 54.2 54.5 55.0 56.3 54.9
Avg, Apr-Sep 63.9 64.9 65.9 63.9 66.9 65.1

Page A4-B2



IID CIMIS DATA

PEWPOINT TEMPERATURE FROM CIMIS/STYLES, STATION 68, Seeley:
SUMMARY BY YEARRS - CIMIS #68, Dewpoint Temp, F

(Values from Styles’ Disk) Year
Year 1987 1988 1989 1990 1991 1992
Average 41.2 39.3 43.3 50.2 48.8
Avy, Apr-Sep 47.9 46.0 51.2 55.9 57.3

WIND RUN FROM CIMIS/STYLES STATION 68, Seeley:
SUMMARY BY YEARS - CIMIS #68, Wind run, mi/day
{Values from Styles’ Disk)

Year 1987 1988 1589 1990 1991 1992
Average 123.4 130.% 133.4 120.6 100.3
Avg, Apr-Sep 132.86 148.6 152.7 137.1 121.6

Avy
44.5
51.7

EVAPORATION (ETo) DATA FROM CIMIS/STYLES FILES, STATION 87, Meloland:
SUMMBRY BY YEARS - CIMIS #87, Evap, in/day

{(Values from Styles’ Disk) Year
Year 1987 1988 1585 1990 1991 1992
Average 0.198 0.175 0.183
Avg Apr-Sep 0.274 0.242 0.261
{Styles, 1993; p. A-49)
Average 6.06 5.33 5.58
Ratios (Styles/Actual) 0.996 0.999 0.996

SOLAR RADIATION FROM CIMIS/STYLES FILES, STATION B7, Meloland:
SUMMARY BY YEARS - CIMIS #B7, Solar rad, ly/d
{(Values from Styles’ Disk)

Year 1987 1988 1989 1990 1991 1992

Average 496.1 480.5 479.3

Apr-Sep 624.4 615.8 611.1
(Styles, 1983; p. A~49)

Average 491.7 480.0 479.3

Apr-Sep 617.8 615.8 611.2

Ratios (Styles/Actual).
Average 0.991 0.999 1.000
Apr-Sep 0.990 1.000 1.000

MAXIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 87, Meloland:
SUMMARY BY YEARS - CIMIS #87, Max Temp, F

{Values from Styles’ Digk) Year
Year 1987 1988 1989 19490 19981 1992
Average B7.6 BG6.2 87.4
{Styles, 1993; p. A-49)
Average 87.3 85.7 87.4
Ratios (Styles/Actual) 0.997 0.995 1.000
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IID CIMIS DATA

MINIMUM TEMPERATURES FROM CIMIS/STYLES FILES, STATION 87, Meloland:
SUMMARY BY YEARS -~ CIMIS #87, Min Temperature, F
(values from Styles’ Diek)

Year 1987 1988 1989 1990 1991 1892 Avg

Average 54.9 B5.1 57.06 55.7
{Styles, 1993; p. A—49)

Average 54.4 54.5 56.7 55.2

Ratios (Styles/Actual) 0.9%90 0.988 0.995 0.991

DEWPOINT TEMPERATURE FROM CIMIS/STYLES, STATION 87, Meloland:
SUMMARY BY YEARS - CIMIS #87, Dewpoint, F
(Values from Styles’ Disk)

Year 1987 1988 1989 19480 1991 1992 Avy
Average 45.4 53.2 51.4 50.0
{5tyles, 1993; p. A-489)
Average 45.3 52.7 49.% 49.2
Ratios (Styles/Actual) 0.998 ¢.992 0.963 0.984

WIND RUN FROM CIMIS/STYLES STATION 87, Meloland:
SUMMARY BY YEARS -~ CIMIS #87, Wind run, mi/d
(Values from Styles’ Disk)

Year 1987 1988 1989 1990 1991 1992 Avg

Average 122.3 lie.1 104.¢6 114.3
(Styles, 1993; p. A-49)

Average 122.3 115.9 104.6 114.3

Ratios (Styles/Actual) 1.000 0.998 1.000 0.999
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22-Feb~84 ESTIMATES OF IMPERIAL VALLEY ETo - 1987-19S2 "CORRECTED" \ETO-IVAL
Year Station Penman-Monteith Styles CIMIS Penman (1963) Average
1987 C41 Mulberry 82.7 82.6 81.0 B2.1
CHB Seeley
c87 Meloland
Average 82.7 B2.6 B1.0 82.1
1988 c41 Mulberry 80.8 77.7 78.4 79.0
C6B Seeley B5.5 82.6 84.8 B4.3
¢87 Meloland
Average 83.2 80.2 81.6 81.6
1989 C41 Mulberry B85.6 75.0 82.2 80.9
68 Seeley B89.5 B4.5 87.5 87.2
C87 Meloland
Average B7.6 79.8 84.9 84.1
1990 C41 Mulberry 75.8 72.2 74.6 74.2
c68 Seeley 85.6 7.1 84.5 82.4
€87 Meloland 81.2 72.6 81.1 78.3
Average BO.9 74.0 80.1 78.3
1991 C4) Mulberry 2.7 67.8 73.2 71.2
CEB Seeley 74.4 69.4 76.2 73.3
Cc87 Meloland 70.7 63.9 72.3 69.0
Average 72.6 67.0 73.9 71.2
1992 C41 Mulberry £9.7 65.8 70.5 68.7
CE68 Seeley 72.3 67.9 75.7 72.0
c87 Meloland 73.0 66.9 74.9 71.6
Average 71.7 66.59 73.7 70.7
All years C41 Mulberry 77.9 73.%5 76.7 76.0
C68 Seeley 81.5 76.3 81.7 79.8
C87 Meloland 75.0 67.8 76.1 73.0
Average 78.1 100.0% 72.5 100.0% 78.2 100.0% 76.3 100.0%
All years: Avg of avygs 79.8 102.2% 75.1 56.2% 79.2 101.5% 78.0 100.0%
For years 19580 80.9 107.8% 74.0 106.8% 80.1 105.5% 78.3 106.7%
1990-1992 1991 72.6 96.7% 67.0 96.7% 13.%9 97.4% 71.2 97.0%
1992 71.7 95.5% 66.9 96.5% 73.7 97.1% 70.7 96.4%
Average 75.0 100.0% 68.3 100.0% 75.9 100.0% 73.4 100.0%
Percent of 1990-1992 average: ipg2.2 94.4 163.4 100.0
Percent of CIMIS average: 108.3 100.0 109.58
1990 variability between estimates: Std dev & CV, &% 3.08 3.8
1991 2,98 4.1
1992 2.B6 4.0
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22-Feb~94 COMPARISON OF CIMIS SITEs 41, 68 RND 87 \ETo~8UM1

CIMIS SITE 41, Eto CIMIS SITE 68, Eto CIMIS SITE 87, Eto

------------------------------------------ - m————- Overall

Month CIMIS P~M Penman CIMIS P~M Penman CIMIS P-M Penman average
In/mo Infmo In/mo In/mo In/mo  Infmo Infmo In/mo In/mo In/mo

Jan 2.42 2.89 2.74 2.36 2.97 2.90 2.37 2.62 2.64 2.66
Feb 3.13 3.69 3.58 3.42 4.03 3.97 3.24 3.55 3.57 3.87
Mar 4.76 5.42 5.40 5.45 6.21 6.28 5.06 5.22 5.42 5.47
Apr 6.83 6.93 65.98 7.60 7.94 8.04 7.02 7.13 7.40 7.32
May 8.43 9.41 9.28B 9.49 10.49 10.43 8.63 9.13 95.24 9.39
Jun B.7%8 9.758 9.46 9.76 10D.66 10.35 8.63 9.34 9.2% 9.56
Jul 8.96 10.27 10.14 2.12 9.83 9.93 8.78 9.80 9.86 9.63
Aug 8.44 9.40 9.44 7.85 5.19 9.39 8.04 9.16 9.38 8.92
Sep 6.53 7.84 7.74 6.43 7.65 7.85 6.37 7.54 7.74 7.30
Qct 4.89 5.94 5.87 5.03 5.85 6.02 4.75 5.76 5.82 5.55
Nov 3.41 3.80 3.81 3.32 3.93 3.88 2.89 3.49 3.44 3.54
Dec 1.97 2.55 2.42 i.e8 2.69 2.70 1.94 2.23 2.28 2.27
Average 68.6 77.9 76.7 71.5 8:.5 Bl.7 67.8 75.0 76.1 75.2

s man 5 e v e Ml S WA S b v e o e s e AL Wt . B O S e B WY e S o A 3 M08 Mg W B 7 S S S S s e AL T S T A0 R4 VR M Tt Sl o

Pet, CIMIS 100.0 113.6 111.8 100.0 113.9 114.3 100.0 110.6 112.2

Grouped average 69.3 78.1 78.2
Pot, CIMIS 100.0 112.7 112.8
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ETo, CIMIS-%1

23-Feb-94 ESTIMATED REFERENCE ET - 11D \ETO-CM41
Row T BERTEEEmsEmnnoE === =

3 Column = C D £ F G H 1 J K L M N 0 P Q R b

4 SITE INPUT DATA: Let, degrees = 335,00 or 0.5759 Radians

5 Elevation, m= -50m Atm, pressure 101.90 kPa Energy units = MJ/(m"2 day)} = MJ*

& Measurement height: Temp & dewpoin 2.00 m Wind 2.00m

7 gReference crop: Grass

B he= 0.12m

9 zom = 0.0%47 m zov = 0,1zom= 1€-03 m 207.7

10 d=0.0800 m LAl = 2,88 ra s s----

11 re = 69.44 s/m u2

2 Clear day sotar radiation =  Ra x {0.725 + 0,025 cos(2 Pi CD/365 - 2.6)1 Based on maximum Rs values

13 --------------------------------------------------------------------------------------------------------------------------------
14 INPUT DATA:  SITE:{IMIS Station 41, Mulberry

15

16 Re Ra Rso Rso Rs Rs Maximem temp Minimum temp Dewpoint temp Wind run
17 Year Mo CD MJd* ly/day HJ)* Lysday ly/day M. n/K deg F deg € deg F deg C deg F deg C mi/day nv/s
18 ---------------------------------------------------------------------------------------------- B R L. L L XY "y epupupe
19 1987 1 15 19.56 467 13.84 231 297 12.42  0.90 &9.3  20.7  34.9 1.6 32.4 0.2 108 2.0%
20 1987 2 46 24.41 583 17.55 419 378 15.83  0.90 73.5  23.0  41.4 5.2 36.8 2.5 138 2.56
21 t987 3 74 30,65 732 22.41 935 508 21.28 0.95 77.5  25.3 43,0 6.1 38.% 3.4 145 z.71
22 1987 4 105 36.31 B&T 26.97 644 627 26.25 0.97 91.4 33,0 52,3 1.3 41.7 5.4 124 2.31
23 987 5 135 39.96 954 29.93 715 671 2B.09 0.94 93.6 34.2 58.6 14.8 42.8 6.0 154 2.88
24 1987 6 166 41,36 988 30.98 740 713 29.86 0.96 105.3 40.7  66.2 19.0  40.1 4.5 136 2.54
25 1987 7 196 40.60 970 30.16 720 701 29.35  0.97 105.4 40,8 6&9.8 21.0 51.3  10.7 140 2,60
26 1987 8 227 37.49 900 27.57 658 603 25.26 0.92 1049 405 V4.2 23.4  61.3  16.3 154 2.B7
27 1987 ¢ 258 32.84 784 23.59 563 517 21.63 0.92 100.6 3B.1 2.7 17.0 50,2 10.1 124 2.3
28 1987 10 288 26.70 638 18.89 451 360 15.09 0.80 94,0 34.5 60.6 15.9 59.2 15.1 99 1.84
29 1987 11 319 21.02 502 14.73 352 313 13.09 0.89 77.2 251 449 7.1 47.9 B.8 82 1.54
30 1987 12 349 1B.14 433 1272 304 243 10.16 0.B0 65,0 18.4 35.6 2.0 37.9 3.3 103 1.1
3 1988 1 15 19.56 467 13.84 k13| 293 12.27 0.89 69.3 20,7 35.5 1.9 3T 2.8 106 1.98
32 1988 2 46 24.4% 583 17.5% 419 393 1647 0.94 767 24.8 40,2 4.6 41,3 5.2 108 2.02
33 1988 3 T4 30.65 732 22.81 535 461 19.30 0.86 82.3 28.0 43,3 6.3 38.7 3.7 125 2.33
34 1988 4 105 36.31 B&T 26.97 644 544 22.78 0.84 84,7 29.3 48,2 9.0 47.2 8.5 126 2.35
35 988 5 135 39.96 954 29.93 715 573 24.0t 0,80 93,1 34.0 54,5 12,5 42.6 5.9 186 3.46
36 i9BB 6 166 A1.36 988 30.98 740 701 29.35 0.95 101,535 38.6 62.7 17.1 49.8 9.9 136 2.54
37 1988 7 196 40.60 970 30.16 720 661 27.65 0.92 1065 41.4 739 23,3 &4.2  17.9 W49 2.77
1B 1988 8 227 37.69 900 27.57 658 626 26,94 0.95 105.1 40,6 73.2 22.9 62.%9 17.2 126 2.3%
39 1988 9 258 32.B4 784 23.59 563 431 18.03 0.76 102.5 39.2 66.2 19.0 52.0 11.1 119 2.2%
40 1988 10 288 26,70 638 18.89 451 421 17.61 0,93 96.0 35.6 &1.2 16.2 55.7 13,2 102 1.50
41 1988 11 319 21.02 502 14.73 352 310 12,98 0,88 78.5 25.B 44,3 6.8 40.5 &7 11 .12
42 1988 12 349 18.14 433 12.72 304 291 12,18 0.9 70.3 21.3 34,9 1.6 31.8 -0.1 111 2.06
43 1989 1 15 19.56 467 13.84 331 285 11,93 0.86 69.1 20.6 34.8 1.5 32.7 0.4 10% 1.8%
b 1989 2 46 26.41 583 17.55 419 395 16,52 0.94 75.0 23.9 39.2 4,0 40,2 4.6 123 2.28
45 o8B 3 T4 30.65 732 22.41% 535 429 17.98 0.80 88,3 31.3 47.6 B.7 &7.7 8.7 113 2.10
46 989 & 105 35.31 86T 26,97 644 633 26,50 0.98 92.4 33.6 53.1 11.7 4B.6 9.2 120 2.24%
&7 989 5 135 39.96 954 29.93 715 693 29.00 0.97 95.3 35.2 57.0 13.9 41.4 5.2 167 3.00
48 i989 6 166 461.36 988 30,98 740 713 29.84 0.96 104.8 40,5 62,8 17.1 41.8 5.4 146 2.72
49 1989 7 196 40.60 970 30.16 720 656 27.48 0.91 108.5 42.5 715 21.9 53.2  11.8 141 2.83
50 1989 8 227 37.&9 900 27.57 &58 626 26.164  0.95 104.4 40.2  70.4 21,3 61.5  16.4 129 2.40
51 1989 9 258 32.84 784 23.59 563 543 22.72 0.96 102.7 39.3 5.3 18.5 50,3 §0.1 128 2.37
52 198% 10 288 26.70 638 18.89 459 420 17.60 0.93 91,3 32.9 54,8 12.7 44.5 6.9 113 2.1
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349 18.14 433 12.72 304 274 11.47 090 7.9 22.2 32.8 0.5 34.9 1.6 S0 1.6%9

wn
&~
—
0
5]
-2
-
a8 ]
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55
56
57
58
by
40
61
62
63

65

&7

69

70

71

72

74

76

78

BO
81

ERRER

87

B9
90

1990 1 15 19.56
1990 2 46 2441
1990 3 74 30.65
1990 4 105 36.31
1990 5 135 39.96
1990 6 166 41.36
1990 7 196 40.60
1990 8 227 37.&9
1990 9 258 32.84
1990 10 288 26.70
1990 11 317 21.02
1990 12 349 1B.14
1991 1 15 19.56
1991 2 46 24.41
1991 3 T4 30.65
1991 4 105 36.31
1991 5 135 39.96
1991 6 166 41,36
1991 7 196 40.60
1991 8 227 37.6%
1997 9 238 32.84
1991 10 288 26.70
1991 11 319 21.02
1991 12 349 18.14
1992 1 15 19.56
1992 2 456 24.41
1992 3 74 30.65
1992 4 105 36.31%
1992 5 135 39.96
1992 6 166 41.36
1992 7 196 40,60
1992 8 227 37.69
1992 9 258 32.84

467
383
732
867
954
988
970
900
784
638
502
433
467
583
732
867
954
988
P70
$00
784
638
302
433
L&7

244
362
490
490
660
672
579
425
538
43%
246
262
209
356
450
599
699
574
655
611
495
400
255
222
2re
339
426
493
636
627
633
5B4
389
389
308

ETo, CIMIS-41

10,20 @G.74
15.16  0.86
20.52  0.92
20.50 0.76
ar7.63  0.92
28.14 0.9
26.24 0.80
17.77  0.64
22.52 0.9%
18.39  0.97
10.29  0.70
10.97  0.86
8.77 0.63
14.91  0.85
18.83 0.84
25.07 0.53
29.24 0.98
2402 0.78
27.41 0.9
25.59  0.93
20.70 ©.88
16.73 0.89
i0.66 0.72
9.31 0.73
11.38  0.82
14.20  0.81
17.83  0.80
20.64 0.77
26.61 0.B9
26.24 0,85
26.4% 0.88
24.46  0.89
16,30 0.69
16.27 0.B6
12.87 0.87
.83  0.77
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72.3

1.5
2.3
7.1
11.4
13.0
7.9
23.4
22.3
20.4
13.0
7.1
1.2
3.5
6.0
6.3
8.9
1.8
16.8
20.9
23.0
21.4
15.7
7.8

2.8
2.6
6.5
10.3
5.5
@4
6.3
i7.3
17.0
9.8
2.7

1.8

103
123
132
125
162
121
144
1r
112
4
114
107
50
10
145
140
145
132
122
122
113
121
121
87
%1
106
98
92
110
127
135
145
108
106
106
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93 BASIC CALCULATIONS: £ F G H i J K L M N 0 P Q
=12 deltald) gamma{g)
95 Tavg eo ed Lamdda(L) f(Tavg) Rhs Rbo Rb R
g6 Year Mo €D C  kPa  kPa kPa/C Md/kg kPasC D/(D+g) Albeds MJ* al  MJY M M
9? ------------------------------------------ B M e 1 M R W e M A T R T M e e e T T e T T e e e e e A e
98 1987 4 15 11,2 1.568 0.627 0.0BB  2.47 0.067 0.568 0,344 B.1 0.260 4.8 4.57 3.57
9% 1987 2 46 14,1 1.852 0.734 0.105  2.47 0.067 0.609 0.324 10.70 0.262 4.79  4.53  6.17
100 1987 3 74 15.7 2.083 0.778 0.114 2.46 0.067 0.629 0.297 14.96 0.268 5.00 4.99 9.97
101 1987 4 105 22,1 3.182 0.895 0,162 2.45 0.068 0.705 0.266 19.28 0.28% 5.93 6.08 13.1%
102 1987 5 135 24.5 3.535 0,937 0.186 2.44 0.068 B8.730 0.242 21.30 0.326 7.41  7.31 13.99
103 1987 6 166 29.9 4.935 0.B43 0.242 2.43 0.068 0.780 0.230 22.98 0.357 9.56 ©.71 13.28
104 1987 7 196 30,9 5.082 1.2%0 0.254 2.43 0.068 0.788 0.235 22.45 0.352 B.17 B.38 14.0%
8

105 1987 227 32,0 5.227 1.B49 0.268 2.43 0.068 0.797 0.255 18.82 0.315 5.39 5.18 13.64

106 1987 9 258 27.6 4.306 1,239 0.216 2.44 0.068 0.760 0,285 15.47 0.281 5.11  4.91 10.56
107 1967 10 288 25.2 3.832 1,716 0,190 2.44 0.068 0.737 0.315 10.34 0.265 3.25 2.70 7.64
108 1987 11 319 16.1 2.101 1.135 0.117  2.46 0.067 0.635 0,339 B.65 0.261 3.89 3.62 5.03
109 1987 12 349 10.2 1.408 0.773 0.083 2.48 0.067 0.554 0,350 6.61 0.260 4.38 3.63 2.97
110 1988 1 15  11.3 1.572 0.749 0,089 2.47 0.067 0,570 0.344 B8.05 0.260 4.52 4.20 3.85
111 1988 2 46  14.7 1.989 0.883 0,108 2.47 0.067 0.616 0,326 11.14 0.262 4.46 4.38 6.75
112 1988 3 74 17.1 2.362 0.797 0.126  2.46 0.067 0.647 0.297 13.57 0.268 5.05 4.55 9.02
113 1988 4 105  19.1 2.612 1.107 0.138 2.46 0.068 0.672 0.266 16.73 0.289 5.15  4.54 12.19
114 1988 5 135 23.2 3.381 0.930 0.172 2.45 0.068 0.717 0.242 18.20 0.326 7.31 6.09 12.11
115 1988 6 166 27.8 4,39 1.218 0.218 2.46 0.068 0.762 0.230 22.59 0.357 B8.26 8.23 14.36
116 1988 7 196 32.3 5.406 2.052 0.273 2,42 0.068 0.800 0.235 21.15 0.352 6.55  6.31 14.85
117 1988 8 227 31.8 5.210 1.957 0.266 2.43 0.068 0.795 0.255 19.48 0.315 5.15 5.13 14.34
118 1988 9 258 29.1 4.626 1,321 0.233 2.43 0.068 0.773 0.285 12.90 0.281 5.00 3.95 8.95
119 1988 10 288 25.9 3.824 1.515 0.198 2,44 0.068 0.744 0.315 12.07 0.265 3.72 3.65 8.42
120 1988 11 319 16.3 2,161 0.855 0.118  2.46 0.067 0.637 0.339 B.58 0.261 4.59 4.23  4.35
121 1988 12 349 11.5 1.610 0.605 0.090 2.47 0.067 0.572 0.350 7.92 0.260 4.92 4.97 2.96
122 1989 1 15 11.1 1.555 0.629 0.08B 2.47 0.067 0.566 0.344 7.82 0.260 4.83 4.35 3.47
123 1989 2 46 13.9 1.891 0.846 0,103  2.47 0.067 0.606 0.326 11,17 0.262 4&.49 4.45 6.73
124 1989 3 74 20.0 2.B44 1.126 0.145 2.45 0.068 0.681 0,297 12.64 0.268 4.40 3.67 8.97
125 1989 & 105 22.6 3.285 1.167 0.167 2.45 0,068 0.711 0.266 19.46 0.289 5.26 5.46 14.00
126 1989 5 135 24.5 3.632 0.886 0.184 2.44 0.068 0.731 0.262 21.99 0.326 7.57 7.73 14.27
127 1989 & 166 28.8 4.75B 0.899 0.229 2.43 0,068 0.771 0,230 22.57 0.357 9.27 .40 13.57
128 1989 7 196 32.2 5.521 1.381 0.271 2.42 0.068 0.799 0.235 21.02 0.352 8.09 7.73 13.29
129 1989 8 227 30.8 5.004 1.861 0.253 2.43 0.068 0.787 0.255 19.48 0.315 5.20 5,27 14.20
130 198% 9 258 2B.9 4.617 1.241 0.230 2.43 0.068 0.771 0.285 16.25 0.281 5.19 5.27 10.99
131 1989 10 288 22.8 3.240 0.957 0.168 2.45 0.068 0.713 0.315 12.06 0.265 4.80 4.70 7.36
132 1989 11 319 16.7 2.282 0.851 0.121 2.46 0.067 0.642 0.339 9.23 0.267 4.62 4.61  4.61
133 1989 12 349 11,3 1.652 0.687 0.089 2.47 0.067 0.570 0.350 7.46 0.260 4.69 4.44 3.02
134 1990 1 15 12.0 1.696 0.750 0.092 2.47 0.067 0.579 0.344 6.69 0.260 4.57 3.47 3.22
135 1990 2 46 12.5 1747 0.736 0.095  2.47 0.067 0.587 0.324 10.25 0.262 4.69 4.23 4,02
136 1990 3 74 7.2 2.328 0.971 0.125 2.46 0.067 0.649 0.297 14.43 0.268 4.61 4.43 10.00
137 1990 4 105 20.9 2.836 1.256 0.152 2.45 0.068 0.691 0.266 15.05 0.289 4.92 3.87 11.18
138 1990 5 135 23.2 3.327 0.904 0.172 2.45 0.068 0.717 0.262 20,95 0.326 7.38 7.15 13.80
139 1990 6 166 28.8 4.661 1.180 0.229 2.43 0.068 0.771 0.230 21.66 0.357 B8.47 8.07 13.59
140 1990 7 196 32,1 5.287 1.853 0.270 2.43 0.068 0.798 0.235 18.54 0.352 6.95 5.81 12.73
141 1990 8 227 30.4 4.739 1.981 0.248 2.43 0.068 0,786 0.255 13.24 0.315 5.00 3.28 9.96
142 1990 9 258 29.0 4.438 1,934 0.231 2.43 0.068 0.772 0.285 16.11 0.281 3.60 3.62 12.49
143 1990 10 288  22.9 3.245 1.2%4 0.169 2.45 D0.06B 0.71% 0.315 12.60 0.265 4.26 4.37 B8.23
144 1990 11 319 16.1 2.089 0.742 0.117 2.46 0,067 0.634 0.339 6.80 0.261 4.87 3.49 3.31
145 1990 12 349 10.2 1.447 0.523 0.083 2.48 0.067 0.5564 0.350 7.13 0.260 5.07 4.57 2.56
146 1991 1 15 11.7 1,547 0.696 0.091 2.47 0.067 0.575 0.346 5.75 0.260 4.68 3.01 2.74
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147 1991 2 46 15.9 2,128 1.064 0.116 2.46 0.067 0,632 0.326 10.08B 0.262 4.08 3.61 6.47
148 1991 3 74 4.2 1.804 0.947 0.105 2.47 0.067 0.609 0.297 13.24 0.268 4.46 3.91 9.33
149 1991 4 105 1B.7 2,514 1.093 0.135 2.46 0.068 0.666 0.266 18.41 0.289 5.15 5.03 13.38
150 1991 5 135 21.8 3.042 1.260 0.159 2.45 0,068 0.702 0.242 22.18 0.326 6.3% 6.54 15.64
151 1991 6 166 26.2 3.881 1.500 0.201 2.44 0.068 0.747 0,230 18.49 0.357 7.41 5.95 12.54
152 1991 7 196 30.0 4.748 1.957 0.243  2.43 0.068 0.781 0.235 20.97 0.352 6.55 6.26 14.72
153 1991 8 227 31.5 5.111 1.917 0.263 2.43 0.068 0.793 0.255 19.06 0.315 5.21 5.08 13.98
154 1991 9 258  29.5 4.512 2.022 0.237 2.43 0.068 0.776 0.285 14.81 0.281 3.45 3,17 11.65
155 1991 10 288 24,9 3.581 1,420 0.188 2.44 0.068 0.735 0.315 11.47 0.265 3.88 3.60 7.86
156 1991 11 319 16,6 2.146 0.606 0.120 2.46 0.067 0.640 0,339 7.04 0.261 5,30 3.95 3.09
157 1991 12 369 12.2 1.556 0.894 0.094 2.47 0.067 0.583 0.350 6.05 0.260 4.20 3.17 2.89
158 1992 1 15 1.7 1.575 0.770 0,091 2.47 0.067 0.575 0.344 7.46 0.260 4.49 3.84 3.62
159 1992 2 46 15.5 1.958 1.099 0.113 2.46 0.067 0.626 0.326 9.60 0.262 3.96 3.33 6.27
160 1992 3 7 16.1 2.031 1.280 0,197  2.46 0.067 0.636 0.297 12.53 0.268 3.82 3.15  9.38
161 1992 4 105 21.9 3,046 1.358 0.160 2.45 0.068 0,703 0.266 15.16 0.289 4.76 3.77 11.39
162 1992 5 135 25.2 3.618 1.648 0,191 2.4 0.068 0.738 0.242 20.18 0.326 5.76 5.36 14.81
163 1992 6 166 27,7 4.279 1.680 0.217 2.44 0.068 0.761 0.230 20,20 0.357 7.16 6.33 13,87
164 1992 7 196 31.6 5.090 2.111 0.263 2.43 0.068 0.79% 0.235 20.26 0.352 6.36 5.85 14.41
165 1992 8 227 33.1 5.459 2.4B0 0.284 2.62 0.068 0.806 0.255 18.22 0.315 4.17 3.88 14.35
166 1992 9 258 30.8 4.980 1.857 0.254 2.43 0.068 0.788 0.285 11.66 0.281 3.86 2.73 8.93
167 1992 10 288 26.6 3.460 1.466 0,185 2.44 0.068 0.731 0.315 11.15 0,265 3.76 3.38 7.76
168 1992 11 319 14,7 1.9%1 0.736 0.10B  2.47 0.067 0.616 0.339 8.51 0.261 4.80 4.38 4,12
169 1992 12 349 9.7 1.337 0.822 0.081 2.48 0.067 0.547 0.350 6.39 0.260 4.23 3.38 3.0
T = m o e e
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172 REFERENCE ET ESTIMATES:

73
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

Year Mo

—h wd mE
N owr OG0 NV W

O~ SN

JEE e —
N - O

o Y N N

-
T -

OO0 o~ Oh MR L R s

—
-t O3

Cb Days/mo
15 n
46 28
[ 31
105 30
135 31
166 30
196 3
227 31
258 30
288 31
319 30
349 3
15 31
46 28
74 31
1035 30
135 3
166 30
196 3
227 31
258 30
288 31
39 30
349 N
15 3
46 28
74 31
105 30
133 31
166 30
196 31
227 3
258 30
288 31
319 30
349 31
15 3
46 28
74 3t
105 30
135 k3
166 30
196 3
227 31
238 0
288 3
e 30

F

G

H

I

ETo, CIMIS-41

J K

penman (1963), (eo-ed) = f(Tavg}

f({Tavg) Aero term
ec Rad term ETo
kPa MJ* MJ* MJ*
1.329  2.03  4.09 6.2
1.613  3.76 5.25  9.01
1.784 6,27 5.88 12,15
2.666 931 T7.51 16.82
3.075 10.21 9.40 19.62
4.211 10,35 11.25 21.6%
4.461 11.08 10.35 21.43
4,745 10,87 9.60 20.47
3.690  B8.02 B.47 16,49
3.201 5.63 4.99 10.62
.83 3,19 2.99 6.18
1.242 1.65 2.73 437
1.341  2.1%  3.37 5,57
1.67%  4.16 4.05  8.2%
1.951 5.8% 5.89 11.73
2.217 8.18 5.29 13,48
2.850 B.69 9.97 18.65
3.743 10,94 9.12 20.06
4.851 11.87 8.95 20.83
4,691 11,40 B.0D7 19.47
4,026 6,92 B.62 15.54
3.340 6.27 6.06 12.33
1.859 2.77 5.00 7.78
1.354 1.69 4.34 6.03
1.319 1.7 3.87 5.84
1.594 4,08 4217 8,29
2.336  6.11  5.27 11.38
2.75% 9.96 6.4B 16,44
3,082 10.42 9.92 20.35
I.960 10.45% 11.11 21,56
4,810 10,61 10.6% 21,31
4,438 11.18 8.05 19,24
3.981 8.48 9.15 17.63
2.777 5.25 7.02 12.2%
1.901  2.96 4.91 7.87
1.341  1.72 3.4 5,16
1.400 1.B6 3.56 5.43
1.456 3.5%3 4.24 7.78
1.969 6,49  5.23 11.72
2.466 7.73  5.39 13.13
2.846  9.8%9 9.27 19.16
3.966 10.47 9.07 19.54
4.780 10,16 9.28 19.44
4,338 7.81 T7.08 14.89
4,003 9,64 b5.42 16,07
2.800 5.88 5.64 11.51
1.B25 2.10  5.45 7,55

ETo ETo
m/d  In/mo
2.47 3.02
3.65 4.03
4.93  6.02
6.87 B.11
8,03 9.80
8.89 10.50
8.83 10.77
B.44 10,30
6.77 T7.99
4,35 5.5
2.51  2.96
.97 2.15
2.25  2.7%
3.33  3.67
4,77 5.82
5.49 6.4B
7.62 .31
8.2 9.73
8.59 10.48
8.03 9.80
6.39 7.55
3.0 617
3.16 3.73
2.44 2,97
2.36 2.88
3.36 370
4.64  5.66
6.72 7.93
8.33 10.15
8.B6 10.47
8.7% 10.72
7.92 9.67
7.25 B.56
5.01 6.12
3.20 3.78
2.09 2.55
2.19  2.68
3.15  3.47
4,76 5.81
5.35 6.32
7.85 9.5
8.03 9.49
8,02 9.78
6.13  T7.48
6.61 7.80
4,71 5.74
3.06 3.62
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{D+g>}

N

g

]

&

Penman-Monteith (Smith, 1991):

2.41
1.39
1.47
2.49
5.03
6.24
7.69
8.93
8.60
6,75
B.32
5.04
1.67

g/
(D+g*)

0.3347
0.2531
0.27r7
0.2398
0.2144
0.1855
0.1789
0.1700
0.2026
0.2263
0.3076
0.3472
0.3347
0.3050
0.2770
0.2611
0.2130
0.1980
0.1688
0.1758
0.1942
0.2202
0.2884
0.3304
0.3403
0.3028
0.2603
0.2375
0.2120
0.1897
0.1
0.1816
0.1934
0.2388
0.2911
0.3461
0.3317
0.3138
0.2725
0.24%90
0.2200
0.1953
0.171%
0.1864
0.1964
0.2450
0.2908

6.91
13.30
11.52
11.12

9.45
10.19

7.03

6.08

5.5

4.62

5.54

7.02

8.33
12.80
14.34
13.1%

.77
11.15

8.36

6.08

4.37

4.64

5.60

6.88

6.80
11.88
11.03
11.1¢9

7.99

7.39

6.40

6.31



226
227
228
229
230
23
232
233
236
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
2n
2r2
273
274
275
276

Average

—
Fat]

— s b
R IRt e R T ¥ S AL T =T - T~ SN S SRV B i T B € Y

349
15
L6
74

105

135

166

196

a2

238

288

319

349
15
46
74

105

135
166
196

227

258

288

319

349

31
31
28
31
30
k)
30
n
A1
30
3
30
3
k)
28
3
30
L3
30
3
3
30
3
3o
31

REF ET ESTIMATES:

Styles CIMIS

ETo, CIMis-41

Inches Inches

-------

3.7 39.8
39.0  38.0
40.1  40.6
7.1 36.1
39.4 325
3.2 29.9
39,1 36.1
52.0% 4B.0%

2.30  2.8%
2.06 2.5%
3.09  3.41
3.98 4.85
5.8 6.9
7.08  B.&4
6.80 B.03
7.67  9.36
7.87  9.60
6.36 7.51%
5.04 6.15
3.46  4.09
1.76  2.14
2.%2  2.59
2.92 3.2
3.45  4.21
5.16  6.09
6,74 8.23
7.26 8.58
7.96 9.1
8.04 9.B1
5.92 7.00
4.69  5.72
2.96  3.49
1.54 1.88

Penman: Aero term
Rad term

ETo
in/d Inches

0.185 B1.0
0179  78.4
0.188 B2.2
0,170  74.6
0.167 73.2
0.161 70.5

76.7

Penman: In/mo

2.74
3.58
5.40
6.98
9.28
9.46
10.14
Q.44
7.74
5.87
3.6%
2.42
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1053.6%
1062.3%
107.2%
97.3%
93.5%
22.0%

.......

100.0%

0,427
0,464
0.513
0.450
0.516
0.553
0.619
0.670
0.686
G.671
0.5613
0.504
0.475
0.463
0.503
0.518
0.6061
0.625
0.540
0.676
0.685
0.689
0.621%
0.492
0.429

1.0%
1.27
3.3
4.20
6.90
8.64
7.76
9.86
9.59
7.81
4.82
1.56
1.37
1.68
3.15
4.86
6.84
¢.27
8.88
9.75
9.83
6.15
4.82
2.03
1.2%

0.3434
0.3432
0.2989
0.2887
0.2585
0.2347
0.2091
0.1878
0.1785
0.1930
0.2211
0.2830
0.3405
6.3419
0.2999
0.2993
0.2542
0.2225
0.2007
G.1759
0.1653
0.1857
0.2284
0.3065
0.3560

6.03
5.07
7,87
9.33
14.1%
17.04
16.68
18.36
18.78
15.09
12.67
2.01
4.18
5.31
7.01
7.97
12.27
15.80
17.80
19.10
19.22
14.48
11.41
7.58

Perman-Monteith (Smith, 1991)
Rad term Aeroc term
Inches Inches

Efo

In/d Inches Pct

82.7 106.2%
80.8 103.7%
85.6 109.8%
75.8 97.4%
72,7 93.4%
69.7 B9.5%

77.9 100.0%

32.6 48,7 0,189
32.0 4T7.2 0.1B4
33,7 50.9 0.19%
30.6 43.9 0,173
32.3  3%.% 0.166
33,0 35.3 0.159
32.3 44,2

42.2% 57.8%

Perman-Monteith:

In/mo
2.89
3.69
5.42
6.93
9.41
9.75
16.27
.40
7.84
5.94
3.80
2.55





